A Practical GuideTo
Toxics Use Reduction

Benefitting From TUR At Your Workplace

Commonwealth of Massachusetts

Executive Office of Environmental Affairs

EXECUTIVE OFFICE ot

soremsm s Office of Technical Assistance

Lo
Printed oa 50% " recycled paper




) AR i G R b

ATETETR

o

T

oy

T

T T I

wnpueppy



Foreword -

Toxics Use Reduction often
makes sense both in terms of
corporate profits and
environmenna! protection.

The aim of this manual is to help businesses develop and sustain Toxics Use
Reduction (TUR) programs which will make sense both in terms of corporate
profits and environmental protection. The manual is intended to help industry
reduce or eliminate the use of toxics and/or the generation of toxic by-products
at the source, before they have a chance to endanger public health and the
environment.

This manual i1s designed for the use of all Massachusetts institutions
which use toxics — both those which are required to do TUR planning by
Massachusetts General Laws, Chapter 21 I, the Toxics Use Reduction Act of
1989 (TURA), and those small-quantity toxics users not covered by the law.
The manual should prove particularly useful as a do-it-yourself guide for small
and mid-sized firms which lack in-house TUR expertise yet wish to launch TUR
programs.

The manual has been developed by the state Office of Technical
Assistance and reviewed by businesspersons, environmental specialists and
others. Our hope is that it will serve as a tool for sharing the valuable lessons
derived from the hands-on experience of OTA and these business leaders.

In writing this manual, we have sought to create a document which will
prove uscful in the everyday work of manufacturing professionals. To this
end, we have included practical step-by-step guidance to all phases of TUR,
from setting up a TUR team and setting corporate TUR goals, to identifying,
assessing and implementing changes which will reduce industrial toxics at the
source. Where possible, we have included charts and worksheets designed to
save labor and streamline the TUR planning process.

At intervals throughout the manual, we have included case studies of
actual TUR acuvines at Massachusetts businesses. These are included for
purposes of illustration only. Mention of any particular equipment or
proprietary technologies does not represent an endorsement of these products
by the state of Massachusetts nor an assertion that they are appropriate forevery
process.

How To Use This Manual
Each business will come to this manual with different needs and different
levels of expertise. For instance:

* Those who have no previous experience with Toxics Use Reduction may wish to begin
with the introductory Chapter | and work their way through the manual sequentially.

* Those who aireadv know the basics and are ready to begin launching a TUR program
may wish to dispense with the introductory Chapter 1 and start with Chapter 2.
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Executive Summary

A Toxics Use Reduction
program.can help your firm w@

improve production efficiency,

cut chemical purchase and
disposal costs, lower liability
risks, improve worker heaith
and safery, reduce regulatory
fees and ease compliance
headaches.

Chapter |: Answering Basic Questions About
Toxics Use Reduction

Toxics Use Reduction is a promising new approach to the management of toxic materials.
It has been used by businesses in Massachusetts and around the country to reduce emissions
of environmentally harmful toxics while often resulting in a boost in profits.

Essennally, TUR refocuses attention away from treatment of toxic wastes which have
alreadyv been produced and toward the elimination or reduction of toxics at the point of
production. Because it deals with toxic substances at the source, before they have a chance
to become pollutants or contaminants, TUR represents the most environmentally responsible
approach to the management of industrial toxics.

The aim of this manual is to help Massachusetts businesses in a variety of industries to
launch successful and cost-effective TUR programs. Such a program can help your firm to
improve production efficrency, cut chemical purchase and disposal costs, lower liability
risks, improve worker health and safety, reduce regulatory fees and ease compliance
headaches

This manual 1s also designed to provide general guidance to businesses subject to the
planning requiremeants of (IMGL Chap. 21 I) the state Toxics Use Reduction Act (TURA).
TURA planning requirements apply 10 all businesses which meet all three of the following
criteria:

* Employ the equivaient of 10 or more full-time employees (1 employee =
2,000 work hours/year).

* Fall within Standard Industrial Classification (SIC) Codes 10-14 (mining);
20-39 (manufacturing); 40, 44-49 (transportation, communications, gas,
electric, and sanitary services); 50, 51 (wholesale trade); and 72, 73, 75, 76
(certain services).

* Process or manufacture at least 25,000 pounds or otherwise use at least
10,000 pounds of substances reguiated under Title llI of the federal Super-
fund Amendment and Reauthorization Act (SARA). From 1991 to 1993,
the act was expanded gradually to include all substances reguiated under
the federal Comprehensive Environmental Response and Compensation
Liability Act (CERCLA)

The manual has been prepared by the state Office of Technical Assistance - a non-
regulatory state office whose purpose is to assist Massachusetts industry in its TUR efforts.
OTA, whuch 1s funded by the state TURA fee, has worked with several hundred Bay State
businesses and provided concrete TUR recommendations to more than 300 firms. Informa-
tionabout OTA 's coaferences, workshops, free and confidential site visits and other technical
assistance services can be obtained by writing to: Office of Technical Assistance, Executive
Office of Enviroamental Affairs, Room 2109, 100 Cambridge Street, Boston, MA 02202
or by calling OTA at (617) 727-3260 during business hours.
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AprpPeENDIX 3: BiBLIOGRAPHY OF TUR RESOURCES...

Sebastian R. Sperber. Available for $47.50 from:

UNFORM
38! Park Avenue SW
New York, NY 10016

pp. by Moma E Campbdl and Wdlum M. Glenn of the Polluuon Probe Founchnon Available
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a3 Madison Avenue
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Canada MSR 2S1

21. “Environmentally Safe Recovery of Silver from Photo Waste Material,” 10 pp. by Benn

Hermansson. American Fotokem:,

sence Procesdings. 1984
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Execunive SUMMARY...

The more TUR options you
consider, the more likely you
are to select the one that is
best for your plant.

The final analvtical step is the use of rudimentary materials accounting techniques to
estimate the magnitude of each toxic byproduct. Once your analysis is complete, your team
can conduct a formal walkthrough of your production facilities in order to check the
information vou have collected and begin brainstorming about process changes which might
reduce reliance upon toxics.

It is important to keep in mind that the process of gathering data is intimately linked to
the process of identifying TUR options. The information you gather should indicate to you
where toxics are being lost, and each loss provides an opportunity for TUR. Often, TUR
options will become apparent once you have identified these losses. It might be wise to have
each TUR wam member keep a notebook during the information-gathering stage in which
to record ideas about TUR optons.

Chapter 4: Identifying TUR Options

At this pownt. vour TUR plannung efforts enter the creative phase. The object of this phase
is to draw up as complete a list as possible of alternatives for reducing or eliminating your
use of toxic substances and/or your generation of toxic byproducts.

Perhaps the best way to draw up such a list is to hold a group brainstorming session
designed to elicitinput from as many team members as possible. This will guarantee that your
list of TUR opuons will reflect a vanety of perspectives and areas of expertise.

Your bramnstormmg can be structured to insure that your team considers all six generic
types of TUR: product reformulanon. input substitution, process redesign, process modern-
ization. 1mproved operanons and maintenance, and in-process recycling or reuse.

Of course. 1t ts not 3glwavs necessary to go through a formal options-generation process
such as the branstorming session described in this chapter. You may aiready be convinced
that you know what needs to be done, or you may find that some common TUR technique
or technology -- such as solvent substitution, metal recovery, drag-out management,
chemical bath life extension. opumal process control, or improved storage and handling --
is appropnate for your busmess.

However, the most typical mistake at this phase is to settle for an inadequately small list
of options. Keep in mind that the more options you consider, the more likely you are to select
the one that 1s best for your piant.

If your in-house personpe! lack sufficient familiarity with TUR techniques and technolo-
gies, you may wish to supplement your brainstorming session by contacting trade associa-
tions and industry colleagues, conducting some technical research, or soliciting help from
vendors and coasultants.

You may also wish to enroll one or more of your team members in classes on TUR
planning. Under state law. the University of Massachusetts at Lowell has been chosen as the
state’s Toxics Use Reduction Insttute (TURI), and has been charged with training industry
employees in TUR planamg. More information about TURI’s classes can be obtained by
writing to: Toxics Use Reduction Institute, University of Massachusetts at Lowell, One
University Avenue, Lowell, MA 01854; or by calling (508) 934-3275.

Alternatively, you can call upon OTA’s TUR specialists to visit your plant, study your
production processes, and submit recommendations. You canreach OTA at(617) 727-3260.




APprPENDIX 3: BisLiIoGRAPHY OF TUR RESOURCEs...

2 “Pulp and Paper,” 17 pp. and “Fy Ash™ 5 pp.. from Profis_from Pollyton Preventon,
Available from:

The Poliuton Probe Foundaton
12 Madison Avenue

Toronto. Omanc

Canada MSR 2S!

3. “Pollution Prevention Techniques for the Wood Preserving Industry,” N.C. Pollution Preventon
Program. Avaiabie from:

Polivuon Prevenuon Program

The N.C. Dept of Natural Resources and Community Development
PO Box 17687

Raiesgh. NC 276117687

(919) 733.70!S$

4. “VYolatile Componant Recovery from Sulfite Evaporator Condenser,” by W. A. Sherman of the
US. EPA. Call (800) 424-9)4¢.

5. “Procass Spill Monroring, Control and Recovery in the Pulp and Paper industry,” by G.W.
Grove. |} McKeown ana A] Carton of the US. EPA. Call (800) 424-9346.

6. “Cloved Water Loop m NSSC Corrugating Medium Manufacture,” by G.O. Walraven, et al. of
the US EPA. Cail{800) 474-934¢

7. “Advanced Filtration of Pulp MMl Wastes,” by US. EPA. Call (800) 424-9346.

8. “Toxicity Reduction Through Chemical and Biological Modification of Spent Pulp Bleaching
Liquors,” by US EPA Cail (000) 424-9346.

9. “A Nowei Low-Pollution Approach for the Manufacture of Bleached Hardwood Pulp,” 16 pp.
by Alfred Worg and jwr Tectw of Artokem Inc.. Vancouver, Canada.

10. “Pracocal Steps Leading Towerd the Efffuent-Free Mill,” 6 pp. by B. Coetzee and CJ.
Daviesof SAP® Lid . and FE Mers snd LK. Swift of Cas. T. Main, Inc., from “TAPP| journal,”
April, 1985, pp 2.7

11, “Great Laiwes M8l Cuts EfSwent Loard With a Pressure Diffusion Washer,” by |.CW. Evans,
from Pylp and Paper wo« 59 mo 4. 1985, p. 100. Note: Not Awailzble 3t OTA Library.

12 “Recycie Approaches fer Paper and Pulp Mills,” 3 pp. by |.C. Wyvill and J.C. Adams, from
Wiaterworid Ngwy, voi | ao S, September/Ocrober 1985, pp. 18-20. Note: Not Avsilabie 3¢
QTA Libang.

13. “Substituting Chiorme Dwxide for Elemental Chlorine Makes the Bleach Plant Effluent Less
Toxic,™ by P Axegard wom JAPP! loyrmal vol. 69, no. 10. 1986, p. 54. Note: Not Available at

QTA Libary
H. Alternative Processes and Technologies: Other Industries

1. “Success Story: Wastewater Treatment and Source Reduction at L. Farber Co., inc.” OTA
Case Study.

2 “tmmortal’ Erchants,” | p. OTA Technology Report
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APPENDIX 3: BiBLIOGRAPHY OF TUUR RESOURCES...

26. Waste Aydit Study: Metal Finishing Industry, by the California Depr. of Health Services.

Available from:

Department of Health Services
Toxwe Subsances Control Division
Alternative Technology Section
T14/744 P Streer

P.C. Box 942732

Sacramento, CA 94234.7320

27. “20 Ways to Cut Water Usage in Plating Shops,” 7 pp.. by Ted Mooney.
Available from:

Finishuing Technoiogy

Ted Mooney

i4 Fddler's Eibow

Kinnelson, N| 07405

(201) 838-1346

28. “Rernaval of Metal Cations from Chromium Plating Solution,” 17 pp.. by George C. Cushnie,
jr. of CAl Enpneermg and Wayne Anderson of Harper and Thiel Inc.

29. “Closed-Loop Processing of Chromic Acid Solutions,” 10 pp. by Daniel | Vaughan, William
E Schrwdt and Beverty V Schawdt of the lonsep Corporation.

0. “RinsaReciaim — Pollution Prevention for Metal Finishers,” 3 pp. by joseph . Werbicki,
Mirro-8ete Corporaoon. Pawtucket. Ri

31. “Purification and Restoration of Chromic Acid Plating Solutions,” 4 pp. lonsep Corpora:
Brochurs .

32 “Good Operating Practices in Electroplating: Rinse Water and Waste Reduction,” 10 pp., by
Peater A. Galleran. president of integrated Technologies, Inc.

33. “Continuous Purification of Trivalent Chromium Plating Baths,” 8 pp. by joseph M. Ragosa,
PhD and Canng Darmall. PAD of Bewo-Recovery Systems and Vincent C. Opaskar of Engelhard
Corporavon :

34. “PMF Nicikel Recovery Project,” 5 pp. by Jeff Collins and Christopher Gervascio of PMF Inc.

E. Alternative Processes and Technologies: Solvents

I. “I. G. Ballour Company, Inc.” 2 pp. OTA Case Sudy.

2. “Waste Management Opportunities: Solvents and Waste Oils,” | p. OTA Brochure.

3. Case Studjes fro oltution jon Informati earinghouse: Recovery, 3!
pp. Call (800) 424-9)4¢

4. “Waste Minenaation in Metai Parts Cleaning,” EPA Document #530 SW-089049. Caii (800)
424-9346.

$. “Alternate Control Technology Document —~ Halogenated Solvent Cleaners,” EPA Publicadon
£#450/3-89-030. Call {800) 424-9346.

6. Guidelines for Waste Reduction and Recycling: Soivents, 44 pp. A publicadon of the Oregon

Hazardous Waste Raductuon Program. Cail (800) 424-9346.
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Chapter |I: Answering Basic
Questions about TUR

[.0: Toxics Use Reduction -- An Overview

The Aluminum Processing Company, a Fall River-based subsidiary of Lighto-
lier-Gentyte Group with about 250 employees, replaced a vapor degreasing
process which used toxic trichloroethyiene (TCE) with a non-toxic aqueous
degreasing process, reducing TCE use by 80% while realizing a net profit of
approximately $100,000 over the lifetime of the project.

The 110-employee Kilmartin Tool Company of southeastern Massachusetts
pumped freon out of its degreasers and into sealed containers after each
use, cutting its losses of ozone-depleting chlorofluorocarbons (CFCs) by
83% while saving $5,000 per year in Freon costs.

The Robbins Company, a Massachusetts-based jeweiry manufacturer and
plating company with about 350 workers, used readily available metal
reclamation technology to cut its chemical usage by 81.8%, reduce its
toxic waste generation by 89%, recycile water, and realize annual savings
of $71,000 - recouping its initial investment in less than two years.

What do these companues have in common? They have all pursued a new approach to toxic
industrial byproducts whuch goes by the name “Toxics Use Reduction” (TUR).

TUR is a promusing new approach in industry thinking about the use of toxic materials.
In essence. it refocuses artention away from the treatment and disposal of toxic wastes which
have already been produced. and toward the elimination or reduction of toxic substances
within the production process itself.

This refocusing of attention was initiated in 1975 by the 3M Company, which estimates
that its woridwide Pollunon Prevestion Pays (3P) program has saved it over $537 million
while preventing more than 577,000 tons of pollutants and 1.7 billion gallons of wastewater.
In the intervening vears, 3M's ideas have been embraced by many Fortune 500 companies,
including DuPont, Dow, IBM, GE, Chevron and the like. Here in Massachusetts, such
businesses as Monsanto, Digital Equipment Corporation, W.R. Grace, Polaroid, Raytheon
and Texas Iostruments have led the way by launching their own pollution prevention
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APPENDIX 3: BiBLIOGRAPHY oF TUR RESOURCES...

Abstract A comprehensive guide -- complete with worksheess and software program - to
calculating the wue costs of waste management alternatives and to identifying cost-effective
waste Minimizatuon strategies.

5. “Methods Used to Analyze Waste Controf Options,” |! pp.. by Douglas W. Cooper
Abstract: A look at cost/benefit analyses and risk assessments of hazardous waste management
options under conditoms of uncerminty.

6. “Hazardous Waste Reduction - Measurement of Progress,” |5 pp. by Michael R. Overcash.
Available from:

Michael R. Overcash
Department of Chemical Engineering
North Carolina Sate University, Raleigh, NC  27695-7905

Abstract A new economic-based method for measuring waste reduction progress

1. “Motivaeing Industry Toward Waste Minimization and Clean Technology,” 1| pp. by Richard
W. Maclean. Avaiadie from:

Richard E Maclean
Corporate Environmenal Programs
Genersl Electne Company

3135 Easton Turnpike
Farfield, CT 06431

D. Alternative Processes and Technologies: Metal Finishing

l. “Closed-Looped Metal Finishing Processes,” || pp. by Timothy Greiner, OTA

2. “Wasts Reduction in the Metal Finishing and Metal Plating Industries: Drag-out and Rinse
Technologies,” | p. Massachusets OTA Brochure.

3. “Waste Reduction in the Metal Finishing and Metal Plating industries: Recovery Technologies,”
i p.. Massachusern OTA Brochurs.

4. “Wastewster Trastment and Recovery System at the Robbins Company,” 2 pp.. OTA Case
Study.

8. *“Zinc Discharge at the Lowell Corporation,” 2 pp., OTA Case Study.
6. “Taunton Silversmiths Limited,” 2 pp. OTA Case Swudy.
7. Howard H. Sweet and Son, Inc.,” 2 pp. OTA Case Saudy.

8. “Source Reduction Recommendations for Precious Metal Platers,” 20 pp., prepared by the
Massachuserzs OTA
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Beduction Program of Oregon: Metgl Finishing, 40 pp. Awailable from:

The Polluton Prevenuon Information Clearinghouse
(800) 424-934¢
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CHAPTER | : ANSWERING Basic QuesTions AsouT TUR...

A successful TUR program
requires a2 comprehensive
examination of manufacturing
processes and a deniled
assessment of the costs
associated with the use of
various toxic materials.

" Focus: Thé

TUR also improves upon other more traditional approaches to environmental control with
its broad “multi-media™ scope. While traditional pollution control may reduce emissions
into one medium. such as the air or the water, it often does so by shifting the burden to another
medmum. Such burden-shifing does not count as TUR.

It 1s pot TUR, for mnstance, to capture a toxic air emission with filters which themselves
have to be landfilied, for this does not eliminate the costs, regulatory headaches and liability
concerns associated with toxic wastes, nor does it eliminate the environmental threat posed
by the toxic substance - it merely shifts the threat from the air to the land. On the other hand,
a process change whuch reduced or eliminated the use of this same industrial toxic would be
an example of TUR.

Because TUR focuses on the use of toxic materials, a successful TUR program requires
a comprehensive examinatioo of manufacturing processes and a detailed assessment of the
costs associated with the use of various toxic materials. TUR planners must gain precise
knowledge of therr facility's processes and operations, and they must consider, evaluate,
select and implement changes aimed at reducing reliance upon toxic substances. This manual
provides a guide to all phases of the TUR planning process. It introduces a variety of
analvtical tools for assessing manufacturing processes and weighing the costs of alternative
processes.

It should be poted. bowever, that because TUR requires creative thinking about the
specific processes and technologies appropriate to each manufacturer, the TUR planning
process cannot be reduced to a handy, foolproof formula. As a result, this manual should
not be seen as a guaranteed step-by-step guide to TUR success. The techniques in this manual
will have to be supplemented by a thorough and creative exploration of the alternatives open
t0 your company.
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Appendix 3: Bibliography of
TUR Resources

Note: The following is a partial list of resources and publications on Toxics Use Reduction.
Inclusion of any information which features particular products or proprietary technologies
does not represent an endorsement of those products or technologies by the Commonwealth
of Massachusetts, but simply an indication of their availability.

All of the following materials are available at the OTA library. Some of the materials can
also be ordered from other sources, and where possible we have listed these sources. If you
are interssted 1n perusing or obtaining a copy of these materials, contact OTA at (617) 727-
3260.

A. General Information on Toxics Use Reduction

I. The U.S. Poliution Prevention Information Clearinghouse (PPIC)

The U.S. Environmennal Protection Agency mainmins 2 free telephone service to handle inquiries
about pollubon prevenvon, and to assst in document searches. The PPIC has a library of more
than 400 case studies of successful pollution prevention projects in 2 wide variety of industries.
Many of these case swdies fall wittun the category of Toxics Use Reduction. The EPA library abso
includes more than 600 holdings on federal. state and local pollution prevention projects, industry
programs and waste miuma@avon assessments. The PPIC can be reached by ailling either the
RCRA Superfund Hodine at (BOO) 424-9346 or the Small Business Ombudsman Hotline ac (800)
368-5888. Technical questions can be addressed to experts at the PPIC Technical Assistance
Hotline at {703) 821-4800

2. EPA Wasnte Minimization Qpportunity Assessment Manual, 92 pp. Available from:

Hazardous Waste Engineering Research Laboratory
Office of Research and Deveiopment

US. Environmental Protecuon Agency

Cincinnan, Ohio 45268

3. Benefitting from Toxic Substance and Hazardous Waste Reduction: A Planning Guide for

Oregon Businesses 44 pp  Avasable from:

Oregon Department of Environmenml Quality
811 Southwest éth St

Porgand, Oregon. 97204

(503) 229-5913

Abstract: A planming manual for waste reduction, with worksheets which may prove useful to
some Massachusetts businesses

4. Minnesota_Guide to Pollution Prevention Planning, 108 pp. Available from:
The Minnesors Techmical Assisance Program
Box 197 Mayo Buiding. 420 Deiaware St
Umversity of Minnesoa
Minneapohs, MN 55455
(612) 625-4949

Abstract A planrung manual for pollution prevention which is similar to this manual in scope and
intent.
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CHAPTER [ : ANSWERING Basic QuesTions ABoUT TUR...

In 1986. Massachuserts
businesses produced approxi-
mately 250.000 tons of
hazardous wastes. and spent
an esumated $76 miilion to
manage and dispose of those
wastes. Since then, hazard-
ous waste transporrauon and
disposal cost have oniy
climbed.

1.2:Why Should Your Business Pursue TUR!?

The elimmation or reduction of workplace toxics bas always made good sense from the point
of view of worker safety, public health and environmental protection. In Massachusetts,
where hazardous waste disposal facilities currently have an inadequate capacity and access
to out-of-state disposal facilities is increasingly limited, TUR is an essential element of any
responsible hazardous waste policy. Many businesses have been moved by these critical
concerns to mitiate TUR programs.

There are also powerful botom-line reasons for pursuing TUR projects. Inrecent years,
treatment and disposal costs for hazardous wastes have risen, while regulatory fees and
paperwork associated with toxic materials have become increasingly steep. In 1986,
Massachusetts businesses produced approximately 250,000 tons of hazardous wastes, and
spent an esumated $76 million to manage and dispose of those wastes. Since then, hazardous
waste transportation and disposal costs have only climbed.

Simultaneously, federal Superfund legislation has made businesses which generate
bazardous wastes potentially hiable for the full cost of any clean-up which may become
necessary at disposal sites whuch they have used. Woburn, Massachusetts was recently the
site of the largest Superfund settiement in New England -- a case which cost four businesses
atotal of $69 oullion. Businesses have also been hit with large fines and suits for accidental
releases of toxics and for worker health problems arising from exposure to toxics. The result
is that businesses which continue 1o produce large quantities of toxic wastes incur steep day-
to-day costs and expose themselves to tremendous financial risks ~ risks which they often
fail to appreciate fully untl the dav when an accident happens.

Against the backdrop of the soanng costs and liability exposure associated with the use
of hazardous matenals, 1t has begun to make increasing sense from a purely economic point
of view to invest 1n alternanve substances and processes which reduce reliance on industrial
toxics, wherever possible Many TUR changes require little capital and are relatively simple
to carry out. These changes - which may include better storage controls, inventory
management and spill prevention — often begin adding to profits almost immediately.

Quite often. even the most complex TUR changes such as process modifications or input
subsutunons aiso pay for themselves very quickly. Many companies have found that these
sorts of projects can give a positive boost to bottom-line profits within one to two years.

The Benefits of TUR

Since TUR aums at the reduction or elimination of waste, it often helps manufacturers to
improve theiwr productios efficiency and achieve other goals traditionally associated with
quality improvement programs. For instance, TUR can help businesses to economize on
matenals, cut production tume, unprove product quality, decrease transport, treatment and
disposal costs, reduce regulatory fees and compliance headaches, improve worker safety, cut
worker's compensation msurance rates, and reduce their Superfund liability exposure. In
addition, TUR can improve community relations and reduce the chances of public litigation.

Full apprecianon of the financial benefits of TUR requires a relatively fine-toothed
accounting of the costs associated with various production processes. Traditional accounting
tools do not generally provide enough detail to permit calculations of the costs and benefits
of TUR projects. As a result, TUR planners bave stressed a form of accounting which
measures a// of the bottom-line costs and benefits associated with reduced reliance on toxics.

I5
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CHAPTER | : ANSWERING Basic QuesTions AsouT TUR...

In july of 1989, the Massa-
chusertts legislature unani-
mously passed the Toxics Use
Reduction Act (TURA). the
first and one of the most
ambitious sate poliution
prevention bills.

quantity users of toxic matenals: (1) to report annually on their use of toxic substances; and
(2) to undergo a planning process that involves a close examination of toxics use pattemns,
an evaluahon of the true cost of using these toxics, and an effort to identify and evaluate TUR
options. TURA sets “a statewide goal of reducing toxic waste generated by 50% by the year
1997 using toxics use reduction as the preferred means of meeting this goal.” (TURA 1.1)

Who Is Subject to TURA?

The plannung and reporting requirements of TURA apply to firms which meet the
following three cnitena

* Employ the equivalent of 10 or more full-time employees (I employee =
2,000 labor hoursiyear).

* Fall within Standard Industrial Classification (SIC) codes 10-14 (mining); 20-
39 (manufacturing); 40, 44-49 (transportation, communications, gas,
electric, and sanitary services); 50, 51 (wholesale trade); and 72, 73, 75, 76
(certain services).

* Process or manufacture at least 25,000 pounds or otherwise use at jeast
10,000 pounds of substances regulated under Title Il of the federal Super-
fund Amendment and Reauthorization Act (SARA). From 1991 to 1993,
the act was expanded gradually to include all substances regulated under
the federal Comprehensive Environmental Response and Compensation
Liability Act (CERCLA).

Companses which meet al! three of these criteria are categorized by the law as Large
Quantity Texics Users (LQTUs) These firms are required by TURA to file annual reports
which detail ther use of listed substances and document their ongoing efforts to reduce or
eliminate thew dependence on these substances. By July 1, 1994, each of these businesses
must aiso develop and cerufy a Toxics Use Reduction plan with specific two-year and five-
year byproduct reduction goais and a detailed implementation schedule.

All Massachusetts toxics users which do not meet the above three criteria are categorized
as Small Quantity Texscs Users (SQTUs). Certain SQTUs which fall into designated
"priority user segments” mav also be subject to TURA reporting and planning requirements.
Under TURA. prionty user segments cannot be identified until July 1, 1995.

Those toxics users who are subject to planning requirements must submit a plan summary
to the state Department of Environmental Protection (DEP). The full plan must be available
on facility premises for inspecnon by DEP officials.

Plan updates must be completed every two years after the first year in which a plan is due.
These plan updates must expiain any failures to meet planned goals and schedules. All plans
and plan updates must be cernfied by the facility's senior management official and by a trained
Toxics Use Reduction Planner.

Secuon Al.2 of Appendix ! explains the annual TURA reporting process, while Section
Al.3of Appendix | describes the planning requirements. The Addendum contains the Toxics
Use Reducnon Act Planning Regularions (310 CMR 50.00). These planning requirements
are presented mn summary form in Figure 1C, which appears on the following page.
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APPENDIX 2: GLOSSARY OF TUR TErMS AND ACRONYMS...

SQTU: Small Quanury Toxics Users. Under TURA, all toxics users which are not classified
as LQTUs (See LQTU definition above).

Superfund: The federal program authorized by CERCLA and SARA which carries out
EPA’s solid waste emergency response and long-term remediation activities.

T
Toxics/Texic Substance: Under TURA, any chemical on the toxic chemical list under
EPCRA section 313. By 1993, all chemicals regulated under CERCLA sections 101(14) and
102 will also be considered toxic under TURA.

TUR: Toxics Use Reducnon. Under TURA, “in-plant changes in production processes or
raw matenais that reduce. avoid or eliminate the use of toxic or hazardous substances or
generanon of hazardous byproducts per unit of product, so as to reduce risks to the health of
workers, consumers. or the environment, without shifting risks between workers, consum-
ers, or parts of the envronment.” TUR can be achieved through six techniques: product
reformuiancn, process redesign, process modemization, input substitution, reuse/recycling,
and improved operanos and maintenance. See Chapter 1.1.

TURA: Massachusernts Toxics Use Reduction Act (MGL Chap. 211, Regulations: 310 CMR
50.00). See Chapter 1.3 and Appendix 1.

TURI: Toxics Use Reduction Institute (state). TURI was established by TURA to research
and publicize TUR opportunities, offer courses and seminars on TUR, certify TUR Planners,
and carry out other related activities. The Institute, which is located at the University of
Massachuserts at Lowell. can be reached at (508) 934-3275.

8

Unit of Product: Under TURA regulations (310CMR 50.10), "A measure that reflects the
level of producnion or acaviry associated with the use ofthe toxic or the generation of the toxic
as byproduct.” See Chapter 6.2 and Appendix Al.2.

w

Walkthrough: An on-site spection of production processes aimed at solidifying under-
standing of production processes and launching the search for appropriate TUR proposals.
See Chapter 3.5
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CHAPTER |: ANsSWERING Basic QuesTions AsouT TUR...

To dace. OTA has worked

with several hundred Massa-
chusetts businesses, and has
provided on-site consuitation
and concrete TUR recommen-

dauons to more than 60 firms.

|.4: What Is OTA and How Can It Help Your
Business?

The Office of Technucal Assistance for Toxics Use Reduction is a nonregulatory state office
whose purpose is to assist industry in its Toxics Use Reduction efforts. Though OTA was
establisbed i 1989 with the passage of TURA, its precursor - the Office of Safe Waste
Management — had by that time already gathered many years of experience helping
Massachusetts businesses to reduce their use or generation oftoxic substances. Todate, OTA
has worked with several hundred Massachusetts businesses, and bas provided on-site
consultation and concrete TUR recommendations to more than 300 firms. It has also held
over 100 Toxics Use Reduction workshops throughout the state.

OTA is not an enforcement agency. The office’s mandate is to provide technical advice
and resources to companies which are subject to TURA reporting and planning requirements.
It is also responsibie for helping other small businesses not subject to TURA to reduce or
eliminate theur rehance on toxic substances. Under TURA, OTA''s services are confidential
and the office is required to give priority in its assistance efforts to firms referred by DEP and
to COmpanies I PRofity user groups. )

OTA. whuch 1s funded by the TURA fee, offers the following nonregulatory services to
Massachusetts toxics users at no charge:

* Performs on-site Toxics Use Reduction assessments designed to help you
identify TUR opportunities and learn about alternative processes and
technologies appropriate to your company.

* Responds to telephone and written requests for general information about
Toxics Use Reduction and specific information about the legal require-
ments of TURA.

* Conducts financial analyses to identify the economic benefits of TUR
projects.

* Sponsors conferences, workshops, seminars and trade fairs to disseminate
information about TUR techniques and technologies.

* Promotes alternative manufacturing processes that reduce toxic substance
use, hazardous waste generation, toxic air emissions and wastewater

discharges.

The Office mantains an up-to-date library of resources and publications on all aspects of
TUR. The bbrary includes technical information on alternative TUR processes and
technologies for a number of major industries, including metal finishing and plating,
metalworking. pulp and paper, and chemical manufacturing. A partial listing of these
documents 1s reproduced in Appendix 3 of this manual.

In addinion to its direct technical assistance services, OTA may be able to help your
business by putting you in touch with other companies which have faced similar toxics
management problems, and which have solved them through successful TUR.

19
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ArrPeNDIX 2: GLOSSARY oF TUR TERMS AND ACRONYMS...

or less toxic substance.™ See Figure 4C.

Intangible Costs: Operating costs which have areal bottom-line impact yet which do not lend
themselves to precise measurement. See Figure 5B.

Intermediate Product: Under TURA, “(a) in chemical manufacturing, any chemical
substance that 1s consumed. m whole or in part, in chemical reactions used for the intentional
manufacture of another chemical substance or mixture, or that is intentionally present for the
purpose of altening the rate of chemical reactions. . . ; (b) in any other setting, any
manufactured substance that is consumed, in whole or in part, in a chemical or physical
process for the mntennonal manufacture of another product, becomes a component part of
another product, or that is intentionally present for the purpose of aiding the manufacture of
another product. ”

L

Liability: In the context of TUR, liability is the potential cost which may arise from being
found habie for damaging the environment or for harming public or worker health.

LQTU: Large Quanary Toxics User. Under TURA, this category includes *“any toxics user
who manufacrures, processes, of otherwise uses any toxic or hazardous substance in an
amount the same as or greater than the applicable threshold amount in a calendar year at the
facility.”™ See Chapter 13

M
MSDS: Marenal Safetv Data Sheet (required by OSHA Communication Standards).

Materials Accounting: Any analytical technique aimed at identifying and quantifying the
materials whuch enter and exst a gyven production process or production facility. See Chapter
34

Media/Medium: The three eovrronmental media are air, water, and land.

N

NPDES: National Pollunoo Discharge Elimination System (NPDES) discharge permits are
issued by the federal EPA under the federal Water Pollution Control Act.

o
OSHA : QOccupanonal Safery and Health Administration (federal)

OTA: Office of Technical Assistance for Toxics Use Reduction, the nonregulatory state
agency which authored this manual, was established by TURA to provide confidential
technical TUR assistance at no charge to Massachusetts toxics users. OTA can be reached
dunng buswness hours at (617) 727-3260. See Chapter 1.4,
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Appendix 2: Glossary of TUR
Terms and Acronyms

Anodizing: A process that coats aluminum with a hard, corrosion-resistant oxide coating.

B

Byproduct: Under TURA, “All nonproduct outputs of toxic or hazardous substances
generated by a production unit, prior to handling, transfer, treatment or release.” If the
"byproduct” is reused as is without processing or treatment, it may be regarded as product.

Byproduct Reduction Index: A calculation used for TURA reporting purposes which
represents the percentage reduction achieved, over a specified baseline year, in byproducts
per unit of product. See Appendix Al.2 and Chapter 6.2.

C
Capital Costs: One-ume costs of planning and implementing a production change. See

Figure 5D

CERCLA: Comprebensive Envuonmental Response and Compensation Liability Act
(federal} All toxics listed under CERCLA will be included in TURA by the end of 1993.

Cbemical lnputs Database: A database which lists the chemicals in use in a plant and
specifies the amount used. the cost of the substance, the waste streams in which it appears,
the regulations to whuch 1t 1s subject, and the processes or operations in which it is used. See

Chapter 3.1

Chemical Outputs Database: A database that lists each chemical leaving a plant, and
specifies the amount released. the reatment and disposal costs, the waste streams in which
it appears. the regulanons to which it is subject, and the processes in which it is used. See

Chaprer 3.1

Chemical Pathway Analysis: A diagram which graphically depicts the pathway of a toxic
chemical through a production unit, and locates all points at which portions of the substance
are released as byproducts See Figure 3D.

Cost Differential: The annual change 1n operating costs realized by a TUR project or any
other capital project

D
DEP: Department of Eavironmental Protection (Commonwealth of Massachusetts)

Differential Costs: Operating costs which would be changed by a TUR project or any other
capital project. See Figure 5C.

Direct Costs: Operanng costs which can be assigned directly to a particular product or
production unit. See Figure 5B.
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Chapter 2: Getting Started

2.0: Getting Started -- An Overview

Sometimes. TUR ideas can come to light immediately, with little planning. For instance,
one Somerlle firm recently decided, after a five-minute phone conversation with OTA, that
its purchase of nimic acid etchant could be cut dramatically by installing a vacuum distillation
unit which recovers acids for reuse.

Some companies using thus manual may have similar experiences. They may strike upon
obvious. time-tested process changes which promise immediate reductions in their toxics use
and in thetr chemical purchase and disposal costs. A list of some of the most common and
widely applicable TUR changes 1s included in Chapter 4 (see Figure 4H).

More typically, successful TUR requires a sustained program headed by an active TUR
team. This team s task 1s to take the lead in analyzing production processes, identifying TUR
options, submutting options to careful scrutiny, and implementing TUR process changes.

By creaning such a team. vour business will maximize its chances of identifying and
selecting the TUR options most appropriate for it. Perhaps more importantly, the team will
still be there when the project 1s done to help track progress, draw lessons from successes and
failures, plan additional TUR projects, and build worker acceptance of TUR process changes.

This manual 1s written with the needs of such a TUR team in mind. This chapter focuses
on forming such a team and g1ving 1t the management support it will need in order to succeed.
Subsequent chapters are designed to guide the team in the investigation, identification,
assessment and inplementanon of TUR options. However, these same chapters should
provide useful guidance to those who eiect to pursue TUR more informally.

2.1: Developing a TUR Policy Statement

Much like a quality improvement program, an effective Toxics Use Reduction program
requires a comprehensive, company-wide shift in the way your business thinks about its
production processes. Businesses which have initiated TUR programs have found thatuseful
suggestions are likely to arise from all quarters. For instance, while engineers may be in the
best position 10 identify and evaluate the feasibility of alternative technologies, factory
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CHAPTER 2: GETTING STARTED...

FIGURE 2B: THE TUR PLANNING TEAM:

(Note: In smail firms, the same person may wear several of these haw)

RESPONSIBILITIES

MEMBER

I. MANAGEMENT -Demonstrate corporate commitment.
-Set and enforce long-term goals.
-Have authority to implement changes.

2. ENGINEERING AND DESIGN  -Provide information on current processes.
-Contribute ideas for changing processes.
-Gauge the technical feasibility of proposals.

-ldentify parameters for optmal functioning.

3. ENVIRONMENTAL -Caiculate treatment and disposal costs.
COMPLIANCE -Gauge environmental effects of proposals.
-Ensure compliance with reguiations.

-Calculate costs of current operations.
-Calculate costs and savings of proposals.

-Track costs and benefits of actual changes.
-implement changes in inventory conwrol.

4. ANANCEPURCHASING

5. SALES & MARKETING -Provide insight into customer needs.
-Educate customers about TUR changes.
-Marker products as environmenully responsible.

-Monitor customer reactions to product changes.

-Provide accurate descriptions of production practices.
-Suggest ideas on new approaches.

-Gauge compatibility of changes with work practices.
-Supply feedback on frondine effects of changes.
-increase worker support for producton line changes.

6. PRODUCTION WORKERS

Larger Companies might consider inciuding:

QUALITY CONTROL

-Gauge compatibility of changes with quality specs.

-Gauge effecs of TUR on regulatory requirements.
-Gauge effecs of TUR on corporate liabilicy.

LEGAL

-Provide daa on health and safery effecs of toxics.
-Evaluate effects of TUR on worker health and safery.

SAFETY & HEALTH

MATERIAL CONTROL & -Provide information on material storage and use.
INVENTORY -Suggest methods for improving storage and handling.

-Consider modifications to product design.
-Consider TUR goals during new product development.

RESEARCH & DEVELOPMENT

(NOTE: Adapted from the Minnesota Pollution Prevention Manual.)
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ArrenDix | : TURA REQUIREMENTS AND THiS MANUAL...

The plan must describe each
option chosen for impiemen-
aton, dexil the cost and
savings associated with it
and list the reducuons in
toxics use and byproduct
generation which are
expected to resuit from the
option.

capital budgeting procedures.

*An examination of the relationship between the option and other applicable laws and
regulations, including but not limited to whether implementation of the option will violate
any other laws or regulations.

(iv) Evaluations Which Need Not Be Completed: Toxics Users need not complete
evaluations of options which are clearly technically infeasible, clearly financially infeasible,
or which are not likely to result in reductions in toxics use or byproduct generation per unit
of product.

(v) Options Not Chosen for Implementation: The plan must describe each listed option
which will not be implemented, and explain why the option was not chosen for implemen-
tation.

{vi) Optioas Chosen for Implementation: The plan must describe each option chosen for
impiementation, detail the costs and savings associated with it, and list the reductions in toxics
use and byproduct generation which are expected to result from the option. (From above-
described Options Evaluanon) The plan must also include an implementation schedule. (See

Chapter 6.1.)

(vii) Incomplete Evaluations: If the evaluation of a particular option cannot be completed
in time to be submitted with the plan, the plan must include a description of the option, an
explananon as to why the evaluation remains mcomplete, and a schedule of steps which will
be taken o complete the evaluanon.

(e) The Plan Summary

TURA plans are pot submutted to DEP but remain instead on the plant premises, subject to
DEP inspection. However, a plan summary must be submitted to DEP by July 1 of the year
in which the plan is due. The summary must include:

(i) A copy of the plan certification statement.

(ii) Expected Facility-wide Changes in Toxics Useand Byproduct Generation: Two-year
and five-year projections must be made for: expected change in pounds used, expected change
in pounds of byproduct generated, expected percentage change in use, and expected
percentage change tn byproducts. (See Chapter 2.3 on goal-setting and Chapter 6.2 on
measuring TUR progress)

(iii) Byproduct Reduction Goals: Two-year and five-year goals for the Byproduct Reduction
Index. These goals must reflect the expected impact of the TUR techniques which have been
chosen for implementanion. {See Chapter 2.3)

(iv) TUR Matrices: For each production unit listed on the Form S, the plan must include 2

matrix of the sort which accompanies the Form S report. The matrix should indicate which
of the six kinds of TUR (See Chapter 4.2.) will be implemented over the next five years,
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CHAPTER 2: GETTING STARTED...

TUR goabks should be consis-
tant with the management’s
facility-wide TUR policy,
ambitous enough to mouvate
significant TUR efforts, yet
reaiisuc enough to serve as an
appropriate measure of
success — one which will not
guarintee falure from the
start.

2.3: Setting TUR Goals

One of the first tasks facing the TUR Planning Team is the setting of TUR goals. These goals
should be g1ven a great deal of thought, as they should be consistent with the management’s
facility-wide TUR policy, ambinous enough to motivate significant TUR efforts, yetrealistic
enough to serve as an appropnate measure of success -- one which will not guarantee failure
from the start.

Evenrually, your TUR goals should provide a specific quantified statement of the short-
and long-term reductions i toxics use which you intend to achieve. However, it isnotusually
possible to formulate such specific goals from the very start, before your team has begun to
investugate opportunities for TUR 1a your plant. In practice, your goals will probably evolve
from qualitanive directives to quanntative aims as your TUR program progresses.

For instance, you mayv wish to begin with the general goal of achieving a 30% reduction
of toxics use and:or byproducts 1n two years, and a 50% reduction in five years. In many
industries, such reductons are eminently achievable. Then, as you pinpoint the most
promising TUR oppormunities wn your piant, you can make your goals more concrete. For
instance, vou might choose to focus your near-term efforts on reducing your use of cleaning
solvents, while focusing vour long-term efforts on substituting aqueous cleaners for solvent-
based degreasers

Keep 1n mund that as vou make your goals more precise, you will also want to strike upon
a TUR acnon plan. compiete with a timetable for the concrete steps you must take in order
to fulfill vour TUR goals This action plan should be coordinated with your quality,
efficiency, productavity, safety and energy and water conservation programs. This topic will
be revisited tn Chapter 6
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For each producton unit, the
plan must include a2 process
flow diagram which provides
a visual representation of the
movement of toxics within
the producuon unit — both
those which flow into the
process as raw materials and
those which exit the process
as byproducts. emissions or
products.

Appenpix |: TURA REQUIREMENTS AND THIS MANUAL...

change in toxics use, and percentage change in byproduct generation. (See Chapter 2.3 on
goal-setting and Chapter 3 on materials accounting)

(b) Production Unit information

(i) Process Flow Diagrams: For each production unit, the plan must include a process flow
diagram which provides a visual representation of the movement of toxics within the
production unit — both those which flow into the process as raw materials and those which
exit the process as byproducts, emissions or products. The diagram must represent each step
in the manufacturing process, including waste treatment activities and recycling activites that
are not integral to the production unit. The number assigned to the production unit for Form
S reporting purposes must appear on the process flow diagram. (See Chapter 3.3 on Process
Flow Diagrams.)

(ii) Current and Projected Toxics Use and Byproduct Generation: The plan must include
the following matenals accounting figures for each production unit: (i) the totai amount, and
the amount per unit of product, of each covered toxic manufactured, processed or otherwise
used; (i1) the total amount, and the amount per unit of product, of each covered toxic generated
as a byproduct; (i) the total amount, and the amount per unit of product, of each covered
toxic reieased or transferred off-site as an emission. (See Chapter 3.1 on data-gathering and
Chapter 3 4 on matenals accounting.)

(iii) Unit of Product: The unut of product which has been chosen for each production unit
must be 1dentified in the plan. (See Chapter 6.2 and section Al.2 of this Appendix.)

(iv) Purpose Served by Toxic: The plan must contain a statement explaining the purpose that
each toxic serves in each unit of product.

(v) Byproduct Measures: For each byproduct identified on the process flow diagram, the
plan must include the amount treated on-site, treated off-site, recycled on-site, recycled off-
site, disposed of on-site. disposed of off-site, or released. (See Chapter 3.3 and 3.4)

(vi) Emission Measures: For each emission identified on the process flow diagram, the plan
must include. for each environmental medium, the amount released to the environment,
transferred off-site. treated off-site, recycled off-site, or disposed of on-site or off-site. (See

Chapter 6.2)

(vii) Cost of Toxics Use: The plan must include the cost of the use of each toxic, as calculated
in the financial analysis portion of the plan. (See below, Al.3, section '¢c’)

(viii) Byproduct Reduction Goals: The plan must include two-year and five-year goals for
the Byproduct Reduction Index, reflecting the expected impact of the TUR techniques chosen
for implemestanion. (See Chapter 2.3)

(c) Financial Analysis of Toxics Use

For each toxic used in each production unit, the plan must include the total cost per year and
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CHAPTER 2: GETTING STARTED...

FIGURE 2C: THE TUR FLOW CHART:

\Llnput Decision to launch TUR program

BOX 1. GETTING STARTED (Chapter 2):

1. Gain management commitment.

1 Deveiop dntt TUR Policy Statement.
3 Organze TUR Plannung Team.

4. Set proviaomal TUR Goals.

\l, Ouvgut TUR program organized and ready to proceed

BOX 1t PROCESS ANALYSIS (Chapter 3):

Coliect genersi data on chemical use/costs.
Target parvcuiar subsances/processes.

Create process flow dugrams and

chemcai patveny analyses.

Use materun accounting to measure byproducts.

Conduct waikthwough of enure facility.

\LOutput Characterization of targeted substances/processes

80X at IDENTEY TUR OPTIONS (Chapter 4):

! Hoid in-house brunstormung session.
1 Seek nput from owt-of-house experts.

\Lw Comprehensive list of TUR

BCX N EVALUATE TUR OPTIONS (Chapter 5):

1. Screen owt opeoms whech are not feasible.

2 Sebmrt opoom wo mchmcal, fimancial,
and managernl sssessment

3. Sesect best opoons; for implemennton.

:‘LOvou: Proposed TUR process change(s)

BOX V MPLEMENT TUR CHANGES (Chapeer 6):

I Secure approva and funding for project.
2 Cresta omeine for changes.
3 impiament changes.

Begin New Project

¢O«¢utz Successfully Implemented TUR project

BOX V! MEASURING PROGRESS (Chapter §):

{. Meaasure progress and report on success/failure.
2 Document reductons in costs and toxics use.
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AprpPeENDIX | : TURA REQUIREMENTS AND THIS MANuUAL...

One of the most imporant
steps your firm can take
insure long-term TUR
progress is to suppiement
your current record-keeping
so that you have complete
and accurite dam on toxics
use, and on byproduct and
emissions generation.

production process; that is. you may have to draw up process flow diagrams and conduct
chemical pathway analyses in order to identify all points at which byproducts are released.
Then, you will be in a position to use materials accounting to measure the magnitude of those
byproducts. Provided that you have information about treatment efficiencies, you can use
these byproduct magnitudes to gauge your emissions magnitudes. (If you needto refresh your
memory on how these steps are done, refer back to Chapter 3.)

Once you have calcuiated vour annual byproduct and emission magnitudes, you can divide
them by the total units of product produced during the reporting year to gauge your byproducts
per unit of product, and vour emissions per unit of product. You now have the information
needed to fill out your Form S.

The following formula will yield your Byproduct Reduction Index (where A = Base
Year Byproducts/Unit Product; and B = Reporting Year Byproducts Per Unit Product):

Byproduct Reduction Index =100 x A- B
A

The emussions reducnon index can be measured with precisely the same formula (where A
= Base Year Emussions. Unnt Product; and B = Reporting Year Emissions Per Unit Product).

When measuring reporung vear byproducts, keep an eye out for byproducts or emissions
arising from maintenance or cieaning operations which are not performed routinely. If your
reporung-vear datareflects waste from these operations and your base-year datadoes not, this
may cause vou to understate vour progress. Such anomalies can be noted in section 1.4 of
the Form S.

TURA does not requure firms to install new monitoring equipment to gather the data
required for TURA reporting Instead, firms are asked to use the best information they bave
on hand However, oae of the most important steps your firm can take to insure long-term
TUR progress is to supplement your current record-keeping so that you have compiete and
accurate data on toxics use. and on byproduct and emissions generation. Whatever your
record-keeping techmques. TURA requires all firms to maintain on-site records of the data
used to perform the caiculancas required by the Form S report.

Trade Secrets

Any informanon included on the Form S reports is available to the public unless the firm
requests trade secret status for that specific piece of information. Then, it will be kept
confidennal unless DEP determines that the information is not a trade secret.

There is a space for requesting rade secret status on the Form S Cover Sheet. In orderto
qualify as a trade secret, informanon must meet specific criteria spelled out in Department
of Environmental Protection regulations (310CMR 3.30).

In general, the forms should reveal nothing of interest to competitors, as they include
neither the quannty of product or byproducts or emissions produced. They contain only
percentage changes in byproducts and emissions per unit of product, and these numbers
cannot in general be used by competitors to determine how much of any given chemical is
being used by or released from your piant.
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Chapter 3:
Characterizing and
Analyzing Processes
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ArpenDix | : TURA REQUIREMENTS AND THIS MANUAL...

A judicious division of your
plant into production units
can heip make your TURA
pianning efforts more
effecove and your annual
measuremaents of progress
more meaningful.

Under the law, a product is defined as *“a product, family of products, an intermediate product,
afamily of intermediate products, or a desired result or a family of results.” Itis worth giving
a good deal of thought to the appropriate specification of products and production units, as
these groupings will provide the framework for your TURA planning and your annual
progress reports. A judicious division of your plant can help make your TURA planning
efforts more effecuve and your annual measurements of progress more meaningful.

Essentally, there are two ways in which firms can gain flexibility in dividing their plant
into producuon uruts The first is by deciding whether to consider related products singly,
or to group them together into a family of preducts. By considering each product singly,
a firm can divide 1ts plant into a large number of distinct production units. On the other hand,
by grouping products wnto families, the number of production units can be minimized.

Firms can also gain flexibility 1n designating production units by counting desired resuits
and intermediate products among their products. These categories are broad enough to
include the outputs of many preliminary manufacturing stages. Thus, by specifying
production units 1o terms of intermediate products and desired results, firms can achieve a
more fine-toothed analytical division of their processes. Altematively, they can reduce the
number of production units by considering only final products and results.

From the pomnt of view of paperwork simplification, it may appear attractive to ignore
intermediate products and group finished products into a small number of large families, thus
minumzing the number of production units on which you must report each year. However,
broadly defined production unns which encompass severai different toxic chemicals and
technologies are likely w confuse vour efforts to analyze processes, pinpoint wastes and
generate TUR alternanves More umportantly, broad production units are likely to make it
impossible to measure TUR progress in any meaningful way.

In dsvidmg vour plant iato production units, it is especially critical to designate production
units for which relanvely coastant correlations exist between the volume of toxics used or
generated as byproduct, and the amount of product produced. As was explained in Chapter
6, this is the key to meaning ful measurement of TUR progress. Of course, the constancy of
this correlanion wall depend wn part upon how you decide to count your product - that is, on
what unit of product vou select  However, if you draw your production units too broadly,
including within them products which are made through disparate production technologies,
then there mayv be no way of counting products which will render a relatively constant
correlanon berween woxics use or toxic byproduct generation, and units of product produced.

In general, you can group products together in one family of products if they do not differ
significantly n the technologies used to produce them, the amount of toxic chemical used in
producing them. and the amount of toxic byproducts generated while producing them. One
way that progress is measured under TURA is by tracking reductions ia toxic byproducts, so
it is especially cnitical that vou group together only those products which produce particular
toxic byproducts at sumilar rates

The fina! task wn the division of your plant into production units is to specify a unit of
product for each production unit. This must be done because your TUR progress cannot be
measured meanungfully through raw measurements of toxics use or byproduct generation.
Such measurements can shift due to factors having nothing to do with TUR - such as changes
in producnon rates or w the average size of products. In order to render your byproduct data
useful, you must relate it to the total pumber of units of product produced. For TURA
reporting purposes, this is done by keeping tabs of roxic byproducts per unit of product.

The kev bere 1s selecting a unit of product which produces a constant per-unit magnitude
of toxic byproducts. Such a unit of product may be expressed in terms of pieces produced,

105

mwmw?w.prm [ AT [ T A R T S A T R T R T T T SRS ST e e



Chapter 3: Characterizing
and Analyzing Processes

3.0: Analyzing Processes -- An Overview

One key tosuccessful TUR 1s gainmg a detailed and comprehensive picture of your toxics use
patterns. The analytical tools and data which you assemble during this stage of TUR planning
are absolutely critical, as they are your primary means for pinpointing wasteful practices,
identifying TUR opportunities, and calculating the costs and benefits of proposed changes.

This chapter walks you through the process of analyzing your production processes —
beginning with the most general wnformation-gathering stages, and working towards the
highly detailed analysis of individual processes needed to spot TUR opportunities.

Those firms which have already chosen a particular process for focused examination may
wish to turn directly to 3.3 and begin constructing process flow diagrams of those processes.

If your team feels, at any stage in the process, that a visit to the factory floor is needed in
order to get a better picrure of production processes, you may wish to turn ahead to Part 5,
which explains bow to orgamize a group walkthrough.

Itis important to keep 1n mind that the process of gathering data is intimately linked to the
process of identifying TUR options (described in Chapter 4). The information you gather
should indicate bow much your toxics cost you and where they are being used inefficiently.
This alone often brings to mmd alternative techniques and processes. Itisagood ideato have
each TUR team member keep a notebook during the information-gathering stage in which to
record ideas about TUR opuons.

3.1: Gathering and Organizing Information

With 2 TUR Policy Statement and tentative TUR goals already in place, your team is now
ready to sharpen its knowledge of the use of toxics on premises. The first data-gathering goal
1s to gan a general overview of the chemicals which enter and leave your facility. This
information has uses which extend far beyond TUR plaoning. It should prove useful in
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APPENDIX | : TURA REQUIREMENTS AND THIs MANUAL...

By july . 1994, each Large
Quanuty Toxc User must
develop and cerdfy 2 Toxics Usa
Reducnon plan wrth specific two-
year and five-year reducoon goals
and a deailed implementoon
scheduie.

recycling only counts as TUR if it is integral to the production unit in which the toxic
substance is used. The reason for this requirement is that off-site or out-of-process recycling
requires handling and transportation oftoxics - either within a factory or between two plants,
via public ighways. This handling and transportation can pose a risk to the environment,
as well as to public and worker health. Thus, while recycling toxic substances is usually better
for the environment than simply discarding them, itis not the sort of optimum solution which
eliminates the threat posed by toxics by cutting them off at the source.

It is worth mentioning a few other kinds of production changes which do not count as
Toxics Use Reduction. For instance, on-premises treatment or incineration of toxics is not
a form of TUR. Likewse, any production change which shifts risks from one medium (i.e.
air, water, landfill) to another does not count as TUR.

Who Is Subject to TURA?

TURA planning and reporting requirements apply to firms which meet all three of the
followmg critena:

* Process or manufacture at least 25,000 pounds or otherwise use at least
10,000 pounds of substances regufated under Title lll of the federal Superfund
Amendment and Reauthorzation Act (SARA). From 1991 to 1993, the act was
expanded gradually to nchkide all substances regulated under the federal Comprehen-
sive Ervironmental Response and Compensation Liability Act (CERCLA). Additional
chemicais may be added to or deleted from the list at the rate of no more than |0 per
year at the discretion of the TUR Council.

* Employ 10 or more full-ume employees (or the equivalent, where | full-time
empioyee = 2,000 work hours per year.)

* Fall within Standard Industrial Classification (SIC) codes 10-14 (mining); 20-39
{manufacturing): 40. 44-49 (transportation, communications, gas, electric, and sanitary
services): 5051 (wholesale trade); and 72.73,75,76 (certain services).

Companies which meet all three of these criteria are categorized by the law as Large
Quantity Toxics Users (LQTUs). These firms are required by TURA MGL Chap. 21I) to
file annual reports whuch detai] their use of listed substances and document their ongoing
efforts to reduce or eluninate their dependence on these substances. By July 1, 1994, each
of these busmesses must develop and certify a Toxics Use Reduction pian with specific two-
year and five- vear reduction goals and a detailed implementation schedule. These plans must
be updated every two vears. Section Al.3 of this Appendix explains this planning process
insome detall The Addendum contains the TURA Planning Regulations (310 CMR 50.00).

All Massachusetts toxics users which do not meet the above three criteria are categorized
as Small Quantity Texics Users (SQTUs). After July 1, 1995, certain SQTUSs which fail
into designated "pnonty user segments” may aiso be subjectto TURA reporting and planning
requirements. .

The implementanon of TURA is funded by an annual fee levied on all LQTUs, based upon
the number of people they employ and the number of chemicals they use at above-threshold
levels. Ths fee covers DEP's regulatory and enforcement costs associated with TURA,
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

Chemical input and Chemical
Output damabases have uses
which extend far beyond
TUR. For example, they may
heip you to improve control of
your chemicais inventory and
keep abreast of reguiatory
compliance.

Just as with the first database, this basic information may be supplemented as your TUR
program grows. Buteven before you have gathered any additional information, your two lists
should give you a reianvely comprehensive picture of the toxic substances entering and
leaving your facility, and of how much they are costing your business. In most cases, this
will be enough informanon to permit initial discussion of cost-effective TUR opportunities.

Where To LookForData

Some companies may find that all of the information included in these two data-bases is
already available in one central place — perhaps in the purchasing or environmental
engineering department. However, even if your company has not already assembled such
data, the basic information you need should still be available on premises. The trick is to put
your hands on it.

Your regulatory records are a good place to begin looking. Assign one or more team
members to comb through these records in search of information about your use of toxics.
If your firm emuits enough toxics to be subject to federal SARA 313 reporting requirements,
then your Form R report will have a great deal of the information you seek. If you are subject
to TURA reporting requirements, then your Form S will also include detailed information
about your toxics use, emissions, and byproducts.

Addmonal informanion about your RCRA hazardous wastes can be found by reviewing
your manifest reporing records, while your POTW (Publicly Owned Treatment Works) or
NPDES (National Pollutant Discharge Elimination System) permits will contain ready
information on your water discharges. Finally, if you have a state DEP Air Source
Registranon, then your applicahon records will include data on your air emissions.

Assign addinonal team members to mine other sources of data on toxics use. These might
include purchasing records. Matenal Safety Data Sheets (MSDSs), stockroom and inventory
records, delivery records, maintenance materials records, quality standards and customer
product specifications, and or process flow diagrams prepared by production engineers.

In addinoun. appropnate team members should gather rough information about purchase
costs and trearment or disposal costs. This data will eventually be used to conduct a thorough
financial assessment of the costs associated with your current production processes. (See
Chapter 53. secnon 'a’ "Lising Current Operating Costs™)

Insuring Accuracy

In some cases, the information vou gather at this stage will not be up to date, and will no longer
accurately reflect vour facihity's production practices and toxics use patterns. You will have
a chance to venfy your data when you conduct a facility Walkthrough (Chapter 3.5).

The walkthrough 1s descnbed at the end of the chapter because it serves as a chance to
confirm the data vou gather during other stages described in this chapter. However, youmay
wish to alter the order, conducting walkthroughs at earlier stages in order to check up on
information as vou gather it.
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Appendix |: TURA Require-
ments and This Manual

Al.0: TURA Requirements and This Manual -- An
Overview

As noted 1o the inroduction, TUR is not only a new business practice and a new mindset for
thinking about environmental protection — it is also a new approach to environmental
legislanon. To date, more than one dozen states have passed legislation requiring businesses
to carrv out TUR or other closely related pollution prevention initiatives. In July of 1989,
the Massachusetts legislature unamimously passed the Toxics Use Reduction Act(TURA), the
first and one of the most ambinous of these state pollution prevention bills.

TURA. which was developed 1n close cooperation with industry leaders, requires large-
quantty users of toxic matenals to report on their use of toxic substances, and to undergo a
planning process aimed at idenufying and evaluating TUR options. TURA sets *a statewide
goal of reducing toxic waste generated by 50% by the year 1997 using toxics use reduction
as the preferred means of meeting this goal.” Other goals of TURA include: establishing TUR
as the preferred means for regulatory compliance, promoting the competitiveness of
Massachusetts industry, and coordinating state environmental programs.

This generai-purpose manual is designed to0 help launch successful TUR programs at all
Massachusetts institutions which use toxics — both those which are required to do TUR
planning by the state's Toxics Use Reducton Act (TURA), and those small-quantity toxics
users oot covered by the law. The aim of this manual, then, is not principally to help
businesses meet the letter of the TURA planning requirements, but to promote TUR as a new
way of thinking about manufacturing processes and their impact on corporate finances and
the environment The emphasis is on helping businesses to create and sustain in-plant TUR
programs which identify and act on TUR opportunities.

However, while this manual is not focused specifically on compliance with TURA, it
should prove quute useful to any firm seeking to understand and meet the requirements of the
law. OTA’s expenence indicates that forming a TUR team and launching the sort of TUR
program described in this manual is the most effective way to accomplish the kind of toxics
use reducton encouraged by the law. This remains true whether or not your firm plans to
retain an environmental consultant to help you comply with TURA.
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

As you gather information,
you shouid condnually ask:
“Why do we use the
substance or process in
question?!™; “Where might
processes be aitered or
substances substituted in
order to reduce our use of
toxic materials?”

Your choice of a focus may also depend in part upon how much TUR experience you have
already accumulated. For instance, if you are new to TUR, you may wish to select a project
which is not terribly complicated or which will provide a good learning experience. Success
in such a project could help solidify your company's commitment to TUR.

The twin dama-bases developed above should prove helpful in your efforts to identify
substances and processes which merit targeted attention. Keep in mind that as you narrow
your focus. vou should revisit and sharpen your preliminary TUR goals (see Chapter 2).

TURA NOTE: So far, process characterization has been described in relatively
informal terms. Companies subject to TURA reporting and planning requirements
must meet more formal requirements. Specifically, they mustanalyze toxicsuse and
consider possible use reductions in each of their “production units”. A production
unit is apy process or combination of processes which produces a product -- where
“product” may be defined very broadly to encompass final products, intermediate
products (potentially saleable goods which are used to create other products), results

(e.g. the cleaned clothes produced by dry cleaners), or families of related products
or results.

These legal 1ssues are discussed at greater length in Appendix 1. The important
thing to pote here 15 that, at least during this preliminary stage, it is not inconsistent
with vour TURA compliance efforts to focus your attention on a particular toxic
substance rather than on a particular production unit. Once you have determined
which production units are responsible for the most significant or most readily
avoidable losses of tus substance, then you can meet TURA’s requirements by

* planning toxics use reduction changes for these production units.

Gathering More Detailed Information

Once you narrow vour focus, you can begin to gather the more specialized data you will need
in order to understand o/l of the various effects which the targeted substance or process has
on your business and the environment. Until you have this sort of understanding, it will be
difficult to evaluate proposed changes for possible adverse side-effects.

It is parnicularly important to understand the effects of the targeted process or substance
on production techniques and processes, byproducts and emissions, product quality, worker
health and safety, and the environment. You will also need as precise an idea as possible of
purchase, treatment and disposal costs in order to assess the financial viability of proposed
changes.

As you gather this addinonal information, you should keep a few key questions continually
in mind: “Why do we use the substance or process in question?”; “What effects do these
substances or processes have on public health, worker health and safety, and current or future
environmental comphiance””; “Where might processes be altered or substances substituted
in order to reduce our use of toxic materials or our generation of toxic byproducts””; “How
might we save money by optimizing production processes and the efficiency of chemicals
use?”
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

FIGURE 3B: IN-PLANT DATA FOR PROCESS
CHARACTERIZATION:

ENVIRONMENTAL RECORDS:

SARA 313 Form R

TURA Form §

Mandest Reporess

POTW or NPDES Permit

DEP Aswr Source Registraton Records

Laboratory Wasts Analyses and Flow Measurements
Responses to Past Government Surveys

PROCESS SCHEMATICS:

Facikry Blueprint
Schemaves of Storage, Processing and Shipping Areas

Piping Duagrams
Procass Row Diagrams or Other Process Descriptions

TECHNICAL DATA ON SUBSTANCES AND PROCESSES:

Materal Safety Data Sheeos

Mamntenance Procedures and Records

Production Line Scheduling Records

Producton Line job Sheew, Batch Make-up Records and Mix Tickets

Equipment Operatng Manuals
TECHNICAL DATA ON PRODUCTS:

Customer Specsfications
Quairey Coneroi Records
Advertiiement

Product Data Sheets
OTHER BUSINESS OPERATIONS RECORDS:

Chemecal Inventory Records
Chemucai Deirvery Records
Chemucai Purchasing Dana

Product Saies Records

Waste Transporter Invoices

Scrap Sales and Recycling Records

FINANCIAL RECORDS
Departmenal Cost Accounting Reports

Treatment and Duposal Cost Records
Chemical Purchasing Cost Records
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CHAPTER 6: IMPLEMENTING ProjecTS AND TRACKING PROGRESS...

With the right combinatnon of
enthusiasm. persistence and
susained commitment, your
team can slowly build
corporate-wide awareness of
TUR as an environmentily
responsible approach to
industrial toxics which is
sensiuve to the bortom-line
concerns of business.

planning process from the beginning, in order to insure that TUR measures are built into the
final result.

Yourteam can also enhance its effectiveness by staying abreast of new TUR technologies
and production techniques which might help to reduce your firm s reliance on toxics. Tothis
end, you should trade ideas with other firms pursuing TUR, send representatives to trade fairs
or expositions focusing on environmental technologies, and stay in contact with OTA and the
Toxics Use Reducnon Institute at the University of Massachusetts at Lowell.

Remember that TUR alternatives take shape against the backdrop of pending regulations,
shifting costs of raw materials and disposal, and changing public concerns and customer
demands. It is important to be aware of any changes in this environment which might help
you to identify new TUR opportunities or to make a case for TUR changes which might
previousiy have been unatiractive.

In these ways, TUR is closely related to the much-discussed notion of Total Quality
Management. Like Total Quality Management, TUR requires the active and sustained
commitment of a wide range of personnel: from top management, to purchasers, to research
and development personnel. to production line workers. Both sorts of programs also call for
continuous ncremental improvements, each of which moves your firm closer to the ultimate
goal of best possible quality or of least possible toxics use and zero toxic discharge. And both
require continuous reconsideration of new techniques, technologies and cost factors which
might make feasible the further improvements which yesterday could not be attained.

With the nght combination of enthusiasm, persistence and sustained commitment, your
team can slowly build corporate-wide awareness of TUR as an environmentally responsible
approach to industnal woxics which is sensitive to the bottom-line concerns of business. In
the process, you can help to make concrete production-line changes which will have apositive
impact on worker health and safety, public health, and on the natural environment we all
share.
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

Your TUR diagram should
include storage and handling
phases which traditional
diagrams omit.

In addition, it 1s cniical to diagram periodic operations -- such as equipment cleaning,
maintenance and repair — which might use or produce toxic substances. You may have to
Create separate process flow diagrams to characterize these operations.

How To Create A TUR Process Flow Diagram

The thinking behind your process flow diagram will depend to a large degree upon the kind
of production unit you are analyzing.

For instance. conventional assembly-line processes are relatively easy to represent with
process flow diagrams, as these processes are essentially linear, with raw materials coming
inone end and products coming out of the other. The final diagram can be laid out in the same
configuration as the factory floor, and a quick visual check of the actual production line can
often ascertain whether any step has been omitted.

Other processes may prove more difficultto diagram. For instance, you may have targeted
a*“batch process™, in whuch the vanous processing steps occur in a single place on the factory
floor. In this sort of case. where processing steps are separated temporally rather than
spatially, you must do some careful analytical thinking to ensure that your diagram captures
each step necessary for converung mcoming raw materials, energy, and labor into products
and residual byproducts

Whatever type of process vou are analyzing, your final diagram should look roughly like
a bluepnnt of a radibonal linear assembly process. In most cases, your diagram should take
the form of a ine of box es. each labeled to indicate the production step it represents, and each
connected to other boxes wn 2 sequence which parallels the production sequence.

The raw matenais whuch enter the process should be arrayed on one side of this line of
boxes. with lines indicating the pownt at which they enter. All products and byproducts should
be arrayed on the other side of the line of boxes, with lines indicating the point at which they
leave the production unit

The sample process flow diagram in Figure 3C represents a nickel-plated paper clip
manufacturing process Work flows down the page, from the first process (Wire Drawing)
to the last ishipping) Pre-production storage and handling steps are diagrammed in the
second column. while box #11 represents post-production storage of finished products.

TURA NOTE: Under TURA., production units are defined in a very flexible
manner. Any process or combtnation of processes which produces a desired result
or product { whether fimshed or not) could count as a separate production unit. Thus,
the process diagrammed w Figure 3C could be counted as more than one production
unit. For instance. since unplated paper clips might be sold to a plating shop for
complenon. steps #i <4 could constitute an independent production unit.

TURA also requrres each toxic substance used in a given facility to be tied to all
producnon units i which 1t 1s used (except for toxic chemicals used to treat toxic
byproducts) For instance, if the degreasing unit represented by box #4 in Figure
3C were used 1n other production processes, then trichloroethylene use would have
to be armbuted 10 more than one production unit.

TURA plans must contain a process flow diagram for each production unit in the
facility. See Appendix | for more information.
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CHAPTER 6: IMPLEMENTING PROJECTS AND TRACKING PROGRESS...

byproducts without actuaily reducing toxics use. As long as this sort of change falls under
one of the six categories of TUR techniques, it counts as TUR under the law. It may also
be very laudable — particularly if the toxic breaks down into benign components.

TUR should not be a one-shot
affair.  Quite the opposite:
your first TUR projects should
provide the sort of learning
experience needed to make
your team more proficient at
identifying, planning and
carrying out TUR changes.

TURA NOTE: Measurement of progress is required under TURA’s annual
reporting requremeants (Form S). These reports must identify all production units
at the facility, specify the unit of product for each production unit, measure the
byproduct reducnons achieved for each toxic substance used in each production
unit, and idennfy the kinds of TUR that have resulted in byproduct reductions of
5% or more. These reductions are expressed in terms of a Byproduct Reduction
Index, which represents the percentage reduction achieved in byproducts-per-unit-

- product. These reduction percentages, in turn, are measured in terms of annual
byproduct magnitudes. and indexed against byproduct magnitudes from a base year
specified on the form.

Form S also calls for the annual reporting of an Emissions Reduction Index for
each toxic substance 1n each production unit. This latter figure represents the
perceatage reduction achueved in toxic emissions which are attributable to the
production umt.

The kev 1o accurate measurement of progress under TURA lies in the selection
of appropriate producnon units, products and units of product. The law permits a
wide degree of lantude 0 applying these categories to your facility. Each firm
should seek to designate production units whose products can be counted in a2 way
whuch permits meanngful measurement of TUR progress. That is, products must
be divisible into umts of product with relatively uniform toxic byproducts or
relanively uniform toxics use.

For instance, the Law permuts firms to group similar products together as families
of products. which can be treated as a single product. These groupings will usuaily
hinder the measurement of TUR progress unless each member of the family is
produced with the same technology and can be counted in some way that yields a
similar per-unit rate of toxic byproducts or toxics use.

See Appendix | for more mformation about measurement of progress under
TURA.

6.3: Documenting TUR Accomplishments and
Sustaining Commitment

From the beginning, this manual has presented toxics use reduction as a new way of thinking
about your producnon processes — one which should inform al/ aspects of your production
planning on an ongoing basis. The manual recommends the creation of a TUR team to
insttutionalize this new way of thinking by spreading awareness throughout the firm,
analyzing toxics use in production processes, identifying and evaluating TUR options and
overseewng the implementation of TUR changes.

If TUR 1s to take root and prove genuinely successful in your piant, it is critical that your
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

A chemical pathway analyses
will permrt you t track a
toxic substance from the
moment it enters your plant
o the point at which it leaves
— while helping you to locate
all of the pomncs at which it
miy become 3 byproduct
along the way.

The Chemical Pathway Analysis

If you have chosen to target your TUR efforts on a production process, you should now have
in hand a process flow diagram representing that process. If you have targeted a substance,
you should have diagrams representing the principal processes in which it is used.

Either way, it is time to use these diagrams to create chemical pathway analyses. The
purpose of a chemical pathway analysis is to track the flow of a toxic substance through a
process. This will give you a graphic idea of the fate of each toxic chemical under
consideration.

Ifyou have targeted a process, you should create a separate pathway analysis for each major
toxic chemical used or produced by the process. If youhave targeted a substance, you should
create a separate analvsis of the chemical’s pathway through each of the processes in which
it is used.

Your chemical pathway analyses will permit you to track a given substance from the
moment it enters your plant, through a given production process, to the time when it leaves
the process as a product or residual byproduct, and even to the point it leaves your plant. This
can help vou to locate all of the points at which portions of the chemical may become a
byproduct. reducing efficiency and perhaps causing a threat to worker health and the
environment.

How To Create A Chemical Pathway Analysis

To create a chemical pathway analysis, begin with a photocopy of the relevant process flow
diagram Now take a pen and trace the chemical from the point at which it enters the process
to the pownt or pounts ar which 1t leaves. In many cases - particularly if you are dealing with
a volanle chemical — you wall find that the line branches in several places as trace amounts
of the chemical are released 1o the environment, or as portions of the substance enter into
chemical reactnons and give nse to new products and/or byproducts.

Your TUR process flow diagram should include pre-process storage and handling and
post-process handling and treatment. If it does not, then you should expand your chemical
pathway analvsis to mclude these stages. Inso doing, be sure to use branching lines to indicate
all possibie losses. ncluding losses due to spilis and evaporation.

A Sample Chemical Pathway Analysis

The following chemical pathway analysis tracks the pathway of Nickel Plating bath through
the metal planng portion of the paper clip manufacturing process diagrammed in Figure 3C:
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Once you have identified an
appropriate unit of product,
you can use the data
generated by the materials
accounung you did in Chapter
3 to create 2 baseline for
measuring TUR progress.

Focus: ldentifyin;

Indivadual chips are cat from iarger 3: tcon: wafers aﬁet zhz wafers have
mskedwnhhycxsofondes,ctdmmsandshcon ‘Thas, the firm in questionfie:
coasidered "wafers produced” as 2 possibie ymit oF product. -However, the wa
produced by this fum varied in diameter from: four inches to six inches, md:ﬁle
camed anywhere from 101020 maskmg}ayers ‘Because ofthese variations inwafer
size and compiexity, there was no predictable correfation between the: nEmber
wafers produced 20d the volume of toxics used or released as byproducts,

These difficulties were solved by tracking "square inches of silicon produced;
and mplnplying this by a compiexity factor related to the number of masking layers
used. Company esgineers found that the resaiting unit of product correlated nicel
with the amount of bydrofiuonc acid and other toxics wihich were exther nsed o
created by the process. , - :

Gauging TUR Progress

Once vou have idennfied an appropnate unit of product, you can use the data generated
by the materials accouanny vou dud 1n Chapter 3 to create a baseline for measuring TUR
progress Your matenals accounting data should tell you how much toxic byproducts your
pre-TUR process 1s creanny dunng a given period of time. If you divide this amount by the
total umts of product creazed dunng the same period, then vou will have the before-TUR
byproduct measure aainst whuch vour TUR achievements can be gauged.

The after-TUR nNyure 15 generated tn much the same way. You will need to engage in a
fresh anaivsis of vour maditied production process, drawing up process flow diagrams and
chemicali patbw av analy ses. ideatifving all points at which byproducts are released, and using
matenals accounnng of mass balance measures to assess the magnitude of those byproducts.
If vou need to retresh vour memorv on how this 1s done, refer back to Chapter 3.4.

Once vou hav e unplemented vour TUR change, you can gauge your progress by measuring
the total amount ot the toxi¢ substance which is released as a byproduct of the altered process
overagiven peniod of ume, and dividing that figure by the number of units of product created
over the same ume penod. This will give you vour post-TUR byproducts per unut of product.
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES..,

Once you have caiculated the
amount of the toxx sub-
sance which you are unng
and the amount wiwch 13
contained in your product,
you can determine your totl
byproduct with uimple
arithmetic.

However, you should keep an open mind about TUR alternatives until your team has carmied
out the formal optioas generanon procedure described in Chapter 4.

Aside from 1ts imponance 1n idendfying TUR options, this materials accounting process
will serve as the basis for measurnng the success of your TUR process changes. If you do not
determine the volume of toxic byproducts which you start with, there will be no way of
determuming how effecnvely those byproducts have been reduced.

Thus secuon begins with a discussion of some rudimentary matenals accounting techniques
aimed at gainmg a qualitanve picture of your byproduct generation parterns. These
rudimenzary techniques requure Little time and use readily available data, yet may be sufficient
to permut vou to 1denufy TUR opportunies. The section ends with a discussion of a more
complex matenals accounnng tool — the mass balance — which requires more time and greater
experuse A mass balance can provide precise, quantitative measurements of byproducts
volumes » huch somenmes prove wnstumental in identifying TUR opportunities and which
are needed 1o order to make accurate measurements of TUR progress.

Rudimentary Materials Accounting

You should do a separate matenals accounting for each substance/process combination you
are looking a1 lpeach case. the first task is to estimate the total amount of the toxic substance
which ends up as a byproduct or emussion of the process under consideranon.

You can calculate the magrutude of the substance which ends up as a byproduct by
determining the amount that vou use and subtracting from i1t the total amount that ends up in
your grogusy, or is changed nto a noo-toxic substance by a chemical reacrion:

Bvproduct = Use - (Product + Converted in Reaction)

Thus formuls wall give vou the volume of byproducts as defined under TURA. Under this
definitos. there 15 00 peed to measure emussions in order to calculate byproducts. This is
because all emisnions —~ even those which are released directly from the production unit mto
the enviroament — are reyarded as byproducts first, before they become emissions.

The ‘product w quesuion bere aced not be a final product of the sort which you sell to your
customers For instance. vou mav be analyzning a production process that creates parts which
are used to fabncaie 3 final product  In that case, the “Pmduct"factorwouldrcprcscntthm
portion of the toxsc matenal under investigation which ends up in usable parts.

The wformanoe vour team has collected ar earlier data-gathenng stages should help you
to denve a rough estumate of the amount of the toxic substance which you are using and the
amount which 1s coatuned 18 vour product. If you are considering a substance which reacts
with other chemucals dunay the process, creating non-toxic byproducts, then you may need
a chemical professional w belp you estumate the amount which is being lost in reaction.

General mformanon about toxics use should be contained in the Chemical Inputs Database
described o Chapter 3 | Keep m mind. however, that this database contains informaton
about your uggregaze use of each chemical 1 your plant; it may not tell you how much of the
toxic is being used W the parucular process under consideration. To derive a loose esumate
of thus more specific magnirude, you should review raw material purchasing, delivery and
storage records. mternal matenals transfer records, and factory floor records such as job
sheets and muix nckets.
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CHAPTER 6: IMPLEMENTING PROJECTS AND TRACKING PROGRESS.-.

Measuremens of TUR
progress will help you tw
documaent your successes and
failures, learn from your
experiences, spot fresh
opportunines for TUR, and
gain the sort of resuis-
onented daa which may help
in obtainung approval for
addinonal TUR projects.

TURA NOTE: Acceptable TURA plans must include an implementation
schedule for all planned TUR changes, together with calculations of the expected
reductions in toxics used and byproduct generation associated with each change.
Biennial plan updates must explain any failures to meet past implementation
schedules. See Appendix 1 for more information.

6.2: Measuring TUR Progress

In order to develop a sustained and effective program, it is extremely important to measure
your progress in toxics use reduction. Such measurements will help you to document your
successes and failures, learn from your experiences, spot fresh opportunities for TUR, and
gain the sort of results-onented data which may help in obtaining approval for additional TUR
projects.

TUR progress can be measured in a number of ways. Some measurement methods are
relanvelv easy and require Lirtle data-gathering, yet they are imprecise. Other methods are
more precise but require more time.

It1s possibie to measure vour progress in loose, qualitative terms. For instance, you might
confirm that use of certain toxics or production of certain toxic byproducts has been reduced
sigmficantly, without quantfying the precise degree of reduction. For some purposes, a
rough estimate of reductuion percentages might suffice.

The shortcoming of such a qualitative measurement technique is that it may not supply
accurate enough data to fill oyt Form R's and Form S's, spot new opportunities for TUR,
or convince upper management that your TUR efforts have met with success. If you wish
10 measure your progress with more precision, you should measure changes either in the
quantity of woxics used or 1 the quantity of toxic byproducts generated.

Your choice of a measurement technique might hinge on the availability of data. If you
have ready access w© data on the quantity of toxic substances used in the processes you have
modified. then you mught wish to measure progress by tracking use reductions directly. On
the other hand. 1t mav be worth generating additional data to track reductions in toxic
byproducts. as thus 1s the measurement method mandated by the Toxics Use Reduction Act
(TURA).

Whichever method you choose, you will need accurate before-TUR and after-TUR data,
and you will have 1o adjust vour measurements to account for the effects of extraneous factors
such as changes 1 the rates at which vanous products are made.

This manual describes a method for measuring reductions in toxic byproducts. This data
will not otly help vou to rack TUR progress — it will aiso belp you to understand the precise
effects of your TUR changes, and to spot fresh opportunities for additional reductions in
toxics use. Those firms subject to TURA planning requirements are required to use this
method for reporung their TUR progress.

During the analyncal phase of your TUR planning (see Chapter 3), you used basic
materials accounting tools to quantify the magnitude of the toxic byproducts created by the
processes you were invesngaring. This data will give you the baseline you need to measure
your TUR progress. If you have not already quantified your byproducts, make sure to do
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CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

One of the keys t© a2 success-
ful TUR progmam o the
development of accurate and
compiete daz on tOXKI ule,
emissions. and byproducts.

The dara which vour team has gathered may help you to make these sorts of quantitative
assessments. For wmstance. if you have run laboratory tests on your air emissions, water
discharges or solid wastes, then these test results can be used.

Regulatory records may also provide valuable information about the quantities and
concentranons of vanous emissions and wastes. Since emissions are pothing more than
byproducts which have left your plant, this data can be quite belpful. However, since your
emissions often come from several production umits at once, emissions data may not be
specific enough for your TUR peeds.

There may aiso be standard industry measures which can be used to make sound
quanttanve esumates of byproduct magmrudes. For instance, there are figures for
calculanng evaporanve losses from degreasers caused by variations in cooling coils, covers
and hoist speeds. Sumularly, there are standard equations which can be used to calculate losses
of electroplanng solunons due to drag-out, evaporation and spills.

These sorts of standard industy measures are somenmes available from industry trade
groups, chemucal suppliers. and chemical engineering reference materials. [fvou have trouble
Jfinding this sort of informanon. or have other difficulries analvzing your processes, you can
get professional help bv contacnng OTA ar (617) 727-3260.

Conducting a Mass Balance

One of the kevs to a successful TUR program is the development of accurate and compiete
data oo toxscs use. emussions. and byproducts. Such data will permit your team to spot TUR
opportunmes and to measure and document TUR progress.

One useful techmque for unproving your materials accounting data is the mass balance.
However, because mass balances are rather difficult and time-consuming, you may wish to
conduct them oaly for the most cnincal producton units. ,

The ann of a mass balance s to determune the eventual fate of all of the chemicals which
enter a given producnon unst gunag some determinate time period. The total mass of these
matenal mputs must be accounted for erther as byproducts, products, or materials accumus

lated 1n the productoo umut  The appropnate equation is:
Matenal laputs = Byproducts + Products + Accumulated Materials

Before this caiculanon can be anempted, the production unit must be defined carefully.
For analyucal purposes. the production unit can be thought of as surrounded by an imaginary
envelope. The task, then. s w0 account for all materials which enter the envelope (i.c. raw
maternials) or leave the epvelope (i.¢. byproducts and products) during the time period set for
the mass balance caiculanon Remember: emissions are a subset of byproducts.

At the end of the period. the amount of material accumulated within the production unit
should be measured The gumbers can then be plugged into the formula given above. Any
discTepancy w the resulung equanon represents either measurement errors or unaccounted-
for matenals [f wnputs are far larger than outputs, further research may be needed to idenufy
previously unrecognized sources of byproducts.

The ume penod set for the mass balance should be a representanive period. That is, the
operanons and processes standardly associated with the production unit should all be
performed dunng the penod for typical portions of the total time. If not, the entire exercise
will oot provide an accurate picture of the process in question.
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Chapter 6: Implementing
Projects & Tracking Progress

6.0: Implementing Projects and Tracking Progress -
An Overview

Your team has now evaluated, selected and —~ where necessary -- secured approval for the
implementanon of one or more TUR projects. The next steps are to implement the change(s)
in a way which ensures their sustainability, and then to measure and document your progress
tn achieving TUR reductions.

The umplementanon of a TUR project may involve worker retraining, process redesign,
procurement of new equipment, installation work, and/or product research and development.
These changes must be planned carefully, in order to coordinate the efforts of all affected
departments and personnel.

The implementanion process does not end when the new equipment and/or new work
practices are wn place. Successful implementation means making the change workable and
permanen: Your TUR team can umprove the odds of success by staying in touch with all
affected workers and handling any difficulties which may arise.

One of the most cninical elements of your team’s follow-up work is to measure your TUR
progress. Such measurements will help your team to document and reproduce successes,
learn from failures, and gain the data needed to secure approval for future TUR projects.

Once your team has camed out its first TUR project, it is important not to lose steam. TUR
is best pursued through connnued incremental changes, each reflecting the proven technolo-
gies and capital resources available at a given time.

With each project, your TUR team should become more knowledgeable and more
effective. By sustaining your commitment, your TUR team can help to build a company-wide
awareness of TUR as a responsibie and cost-effective approach to industrial toxics, while
making concrete production-line changes with a positive impact on the environment.

6.1: Implementing TUR Changes

Some TUR changes require relatively little planning and can be implemented as soon as
approval'is secured. In general, changes in work procedures and processing parameters fail
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Input from workers can be
invaiuable in determining how
equipment in your plant really
operates. When in doubt, ask
why things are done the way
that they are.

byproducts may be created — including shipping and receiving docks, storage areas, and in-
house treatment and recvcling sites. While at these sites, interview workers who handle and
transport toxic materials to insure that they are properly trained and that they follow sound
housekeeping practices.

Do not skip an area simply because you already know it well. You must look at everything
as if you have never seen it before, carefully reconsidering each part or stage of each
production process. )

If your team has already come up with some preliminary TUR suggestions, make a list of
them and distribute a copy to each member of the team. This will permit you to discuss their
feasibiliry with workers and other team members as you examine the relevant processes first-
band. Youshould aiso photocopy and distribute all of the process flow diagrams and chemical
pathway analyses which your group has prepared, so that they can be checked against actual
production practices during the walkthrough.

Finally. be sure that the entire team wears whatever safety gear is appropriate for the areas
of the planr you will visit. ~

Carrying Out The Walkthrough

The overal! purpose of the walkthrough is to subject each detail of your production operations
to fresh scrunny. As you examine each production step, ask yourself why it is done the way
it is, and bow 1t mught be changed to reduce toxics use.

Durmg the walkthrough, team members should check your actual processes against your
group 's process flow diagrams and chemical pathway analyses. Often, production units bave
been modified so that they no longer operate as described in the original operating manual.
Make sure that your diagrams correspond o reality, and modify them where incorrect.

Input from workers can be mnvaluable in determining how equipment in your piant really
operates. When m doubt, ask why things are done the way that they are. It is important to
understand the human dimensions of your production practices so that you can avoid changes
which workers will find impracticable.

It is parnculariy important to keep your eye out for sources of byproducts which are pot
represented oo your diagrams. Pay attention to fumes and odors which might indicate that
toxicmatenals are escaping. Look for possible sources of leaks, spills and evaporative losses.

Some toxic byproducts will not be readily apparent, even during a walkthrough. For
instance. unless you schedule vour walkthrough on cleaning day, you may not actually see
spent cleaning fluids beng produced. even though such fluids can sometimes count as a toxic
byproduct. Be sure 1o ask workers about equipment cleaning and maintenance procedures.
If necessary, revisit the production unit when they are being carried out.

Walkthroughs often lead to a number of preliminary conclusions about where toxics are
being lost and what might be done to reduce toxics use. As you ponder alternatives, keep in
mind the full range of TUR methods: product reformulation, input substitution, process
modermizanon. process redesign. operations and maintenance improvements, and in-process
reuse and recycling. (These are described in greater detail in Chapter 4.) Remember also that
worker interviews can be invaluable sources of new ideas.

As ideas are generated, add them to your group’s list of TUR alternatives. Use the
walkthrough to begin to evaluate the feasibility of these possible changes. With the
production processes right in front of you, it is easier to visualize the possible side-effects of
each proposal on workers, equipment and other production processes.
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Chapter 4: Identifying TUR
Options

4.0: Identifying TUR Options -- An Overview

At this powt, you have developed a graphic understanding of toxics use patterns in your plant.
You have identified some of the costs of using toxics, located the points at which you lose
toxic matenals, and determuned which of these losses are most significant — perhaps even
quantifving them. You may also have begun to develop a few ideas about process changes
which would reduce vour reliance on toxics.

Now vour TUR planning efforts enter the creative phase. The object of this phase is to
generate as complete a list as possible of alternatives for reducing your use of toxics and/or
your creation of toxic byproducts.

Thus chapter describes a brainstorming process designed to elicit input from as many team
members as possible. so that vour TUR options will reflect a variety of perspectives and areas
of expertise. The brainstormung process is structured to insure that your team considers all
possible types of TLR

Of course, tt1s pot afwayvs necessary to go through a formal options-generation process such
as the brainstorming session described in this chapter. You may already be convinced that
you know whar needs to be done. In that case, all that remains is to implement the change.

However. the most typical mistake at this phase is to settie for an inadequately small list
of options. Keep m mind that the more options you consider, the more likely you are to select
the one that 1s best for vour plan:.

4.1: In-House Brainstorming

[t is not easy to specify one options-generation procedure appropriate for all businesses. After
all, each business has a different corporate culture and different decision-making practices.
However. 1t1s swongiy recommended that you begin your search for TUR options with a group
bramnstorming session.

Group bramnstorming is designed to elicit input from all team members and encourage
creative thinking. Since TUR brainstorming is very similar to the brainstorming done by
qualiry circles. many businesses will find it quite familiar.
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

assessments of the project(s). In particular, you should recapitulate your findings about the
project’s effects on marketing plans and quality goals, its compatibility with employee skills
and habits, and its role in the company’s efforts to comply with current and future
environmental regulations.

It may help to supplement the final report with information about health, safety, and
environmental effects of all recommended changes. Youmightalso wish to include a timeline
for project implementation, with estimates of production down-time and projected construc-
tion schedules.

Of course, success in the capital-budgeting process usually involves much more than just
Your chances of getung funds 2 convincing final report. Your chances of getting funds for TUR projects will be greatly
for TUR projects will be enhanced if you understand the political idiosyncrasies of the capital budgeting process at your
gready enhanced if you firm. For instance, it may help to enlist the support of key managers by educatng them about
:;::'Z:’:i:: fp‘i':C: «a  thepotential benefits of toxics use reduction. Itmay also be useful to solicit the active support
bodgeumg process s your  Of all department heads who would be affected by the change.
firm. Even when a project promises to pay for itselfrapidly, it may not be funded during a given
round of capital budgetmg aliocations. This can happen for many reasons. For instance, your
firm may have other prionities at the moment, or there may be a temporary shortage of funds.
Ifatechmcally attractive and financially sound option is rejected, your team should be certain
to resubmut it during the next capital budgeting period.
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CHaPTER 4: IpENTIFYING TUR OrTioNS...

It s not TUR o you merely shift
your toxC emussions from one
medium to another, but fail
reduce overail taxic byproducs.

4.2: The Six Kinds of TUR

TUR can be achieved by a great variety of means, ranging from complete production unit
redesign to simple changes in work habits and toxics handling methods. Massachusetts state
law classifies these various methods into six generic &inds of TUR options.

As noted above, you can msure that your search for TUR options is comprehensive by
organizing your brainstorming so that you consider each of these kinds of TUR options in
order. If you turn to outside consuitants for further help in generating TUR options (Chapter
4.3), you should make sure that these consultants also consider the full range of TUR options.

Figure 4A outlines the six kinds of TUR as specified under Massachusetts law.

FIGURE 4A: THE SIX KINDS OF TUR UNDER
STATE LAW

l. Input Substitution: If the toxic in qbuestion is used in the production
process rather than in the product itself, it is sometimes possibie to
replace it with a less toxic or non-toxic alternative.

1. Product Reformulation: TUR can sometimes be achieved by refor-
muiating a final product so that the product is less toxic or non-toxic

upon its use, release or disposal.

3. Process Redesign: Toxics use or byproduct generation can some-
times be reduced or eliminated by developing and using production
machinery of a different design than the machinery currently in use.

ing or replacing production machinery with other equipmentand
methods based upon the same production technology.

5. Improved Operations and Maintenance: TUR does not always call
for sophisticated technological innovation. Improvements in inventory
control, matenais handling, spill and leak prevention, personnel train-
ing, and/or maintenance practices can often lead to dramatic reduc-
tions in the use of toxics or the generation of toxic byproducts.

6. In-Process Recycling and Reuse: TUR can also be achieved by in-
process recycling and/or reuse of toxics. TUR recycling units must be
integral to the production process.

4. Process Modermization: TUR can sometimes be achieved by upgrad- l
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even more attrachve. This explains in part why many companies have lowered the financial
hurdle which TUR projects must clear in order to be approved.

The basic drawback of a
payback perod calculation is
that it ignores what 1s known
as the time value of money.
As a result payback periods
are useful for comparing
aiternate projects against
each other, but they are not
the most accurite means of
determining whether funds
should be spent on TUR in
the first piace.

a Mmhavem@m!mvesunenémpu
, mvo!veanup—fmmczp:nim:tﬂcw(cayna[

- Net Preseat Value: Oncctbcﬁm:remshmﬂowsassocmedm& aTURpIU}&th
" have been discounted. they can be added together zogwethepresentvalneofﬁze»
- project’s cash mflows. The project’s total’ capital “cost (the required up-front
- investment) can then be subtracted from this figure to derive the project’snet present
‘- valpe (NPV). Generally, ﬂwpro;c&xswnm@redamcp@biufthcb&?\fmgmam-

g lntznn! Rate of Return: ’mcmmnalrateofremm{IRK}xsmemmazwhmh
- furure mflows must be discounted in orderto’ haveapxesemvalueequzi to th
project’s up-front capital costs. ifcapstalcoszsandﬁnmemﬂowsareknm this
fignre can be derived rather easily by atypical financial calcnlator. Mostcompames
consider an after-tax IRR of 12% 10 15% 0 bcacoaptab’ieﬁxiow«nskmv&stmems
Your team may wish to find cut whatyomcompan cons@ers an acceptabie I‘RR.,

87

R e i (N o T o e e 2 B BT R T T T R

L s i e o s L Liia Lt R I R L



CHAPTER 4: IDENTIFYING TUR OPTIONS...

TUR product reformulaton
may permit your company to
boost sales by mpping into
the growing consumer
demand for “green” prod-
uces.

FIGURE 4B: EXAMPLES OF TUR PRODUCT
REFORMULATION

I. The paint manufacturing industry has made considerable headway
in replacing toxic mineral spirits-based paints with alternative water-
based formulas. (Note: Not all water-based paints are non-toxic. ltis
important to make sure that the new formula, however benign it
sounds, i3 truly less toxic than the oid.)

2. Paint manufacturers have also reformulated their products to elimi-
nate heavy metails such as the titanium traditionally used in white
paints and the cadmium traditionally used in yellow paints.

3. Some ink manufacturers have introduced water-based inks as an
alternative to traditional solvent-based inks.

4. There is a cutting-edge trend in the plastics industry to develop
biodegradabie vegetable-based plastics as an environmentally sound
alternative to traditional petroleumn-based plastics.

5. Sometimes, product reformulations can eliminate a toxic indirectly.
For instance, some metalworking manufacturers have eliminated toxic
cleaning and painting processes by making metal parts out of stainless
steel. Such a change might be classified either as a product reformuia-
tion or as a process redesign.

Input Substitution The next kind of TUR for your team to consider is input substitution.
The operative question here s Could any toxic raw materials be replaced with benign or less
toxic subsnrues’

Input subsututions can be very attractive, as they can dramatically reduce your liability
exposure and alleviate vour environmental compliance headaches. They might also cut your
raw matenal purchase costs and disposal fees.

Figure 4C provides some real-world examples of input substitution.
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

Many businesses have
recognized qualinuve cost
considerations by slackening
their standard capital
invesument critera for Toxics
Use Reduction projects.

The Qualitative Analvsis: As noted above, you should strive to quantify as many costs as
possible without diluting the reliability of your financial analysis. However, most TUR
proposals will have some differential costs which cannot be quantified accurately.

These unquanufiable costs should be included in the qualitative portion of your financial
analysis. This qualitanve analysis may prove instrumental in choosing among otherwise
equally arractive opuons or 1n justifying projects which stand at the edge of your firm’s
capital budgeting critena

The importance of these costs should not be underestimated simply because a number
cannot be put to them. For instance, it is usually not possible to quantify the fines, lawsuits
and crimmal penalties which may accompany violations of environmental regulations, yet
they can put a considerable dent i profits, and continued violations can lead to a forced plant
shutdown. Sumularly, it 1s difficult to provide a reliable figure for the future costs of
Superfund clean-ups. toxic torts or worker compensation settlements — yet these costs can
cripple even the healthjest business.

Many businesses have recognized qualitative cost considerations by slackening their
standard capital investment cniteria for pollution prevention projects. For instance, if
standard unprovements o work efficiency must have a three-year payback period, projects
which reduce toxics use might only be required to pay for themselves in four or five years.
This sort of lensence does not necessarily reflect a heightened environmental conscience — it
may aiso be 1n tune with the interests of corporate profits.

If your TUR analyses are to be submitted to higher management for review and approval,
then vour qualitative analysis 1s particularly important, as it provides a vehicle for pomting
out the many unquanufiable bontom-line considerations which bode in favor of TUR. This
portion of the financial analvsis should mention a number of kinds of costs:

* Costs which might possibly be changed by the project;
* Costs which will be changed, but by an unquantifiable amoung;
* Liability exposure.

The qualitarive anaivsis usually takes the form of a brief written document which explains
why the project is likelv to Jead to various possible costs and savings, and (where possible)
estimates the likely magrstude of these costs/savings. It might also contain a discussion of
the liability nsk reducnoo which can be ushered in by successful TUR

(d) Determining the Total Capital Cost of Your TUR Project

The next step un your financual analysis is to weigh all of the up-front costs associated with
implementanon of your TUR project. This is particularly important for projects which
require subsmnnal capital investments in new equipment, research and development, or plant
expansion.

The capital costs of vour TUR project are those one-time costs necessary to plan and
implement the production process change. Figure 5D lists the capital costs which might be
associated with a typical TUR project.



CHAPTER 4: IDeNTIFYING TUR OPTIONS...

A process redesign changes
your fundamental production
technology. introducing new
production machinery of a
different design than your
current machinery.

FIGURE 4D: EXAMPLES OF TUR PROCESS
REDESIGN

. A good exampie of a process redesign - one applicable to such
industries as metalworking and electronics — is the replacement of 2
solvent-based paint stripping unit with a unit which strips paint with
reusable abrasive blast media.

2. A second example - this one from the textiles industry -- is the
replacement of an old-fashioned dying machine with a computerized
dying operation which conserves heavy-metal dyes.

3. Some pulp mills have achieved TUR process redesign by installing
ozone bieaching processes, thus eliminating their use of chlorine in the
bieaching process.

4. Some metal platers have installed automatic barrel lines which
permits greater control of plating processes. Used with environmental
ends in mind, such a line can significantly reduce the drag-out of
heavy metals.

5. Sometimes, process redesign can go hand-in-hand with other TUR
techniques. For instance, the abrasive blast unit described above
(exampile 1) involves an input substitution, for it effectively replaces
solvents with reusabile blast media.

6. Process redesign might aiso go hand-in-hand with materials reuse
(described below). For instance, some printers have extended the life
of their acid etchants up to tenfold by installing specialized equipment
to monitor and continually reconstitute their etchant baths. Similarty,
some chemicals and paint manufacturers have installed high-pressure
wash systems or automatic squeegee systems to clean away and
reuse mixing tank residues.

4. Process Modernization: Significant reductions in toxics use can often be achieved by
upgrading or replacing production equipment to achieve greater production efficiency.
Where these changes do not mvolve a redesign of the production unit, they fall under the
heading of process modernization.

When pondenang process modernization techniques, your team should keep the following
quesuon in mind. Are there wavs to alter, adjust. modify or replace existing production
equipment 1n order to cut roxics use and/or toxic byproducts?

Process moderization is actually a rather broad term. encompassing at least two different
sorts of changes. First, it can include minor alterations or adjustinents to existing production
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

You should oy to brng as
many differental costs as
possible within the scope of
your quanutQtive analysis.
Provded that your numbers
are dependable. this will add
to the credibiity and usefui-
ness of your ovenll fimancal
analysis.

benefits rate for the sort of work which would be added or eliminated. (hourly benefits rate
= annual cost of benefits per worker/hours worked per year) The annual differential can then
be figured by adding hourly wage and benefits, and multiplying the sum by the number of
extra hours of work which would be caused by the TUR change. (Direct labor differential =
(hourly wages + hourly benefits} x extra work hours)) Ifthe TUR change would reduce labor
hours, then the extra labor hours should be a negative number, and the resulting differential
negative (i.e. a potential savings).

Where possible, you should try to bring other differential costs within the scope of your
quantitative analysis. Provided that your numbers are dependable, this will add to the
credibility and usefulness of your overall financial analysis.

There are a number of mdirect material costs which can sometimes be quantified. For
instance, by secunng technscal data on new equipment which would be installed undera TUR
proposal, you might be able to calculate the annual cost differential for electricity, water, or
other utilines. Sumilarly, 1f you know something about the reliability record of the equipment
you are considenng, then you might be able to gauge maintenance cost differentials.

There mayv also be indirect labor costs which can be brought within the scope of your
quantitanve analvsis. For instance, if you can determine the amount of time spent by
employvees in filling out regulatory reports or applying for permits which your TUR proposal
would render unnecessary, then you can include these indirect labor savings in your
quantitanve analysis The same goes for time spent by laboratory personnel in testing and
analysis or ume spent by managers wn fulfilling OSHA requirements for safety training,
hazard communicanon and emergency planning. In each case, the appropriate mathematical
formuia s the same one used for direct labor costs.

Togive an example. suppose that vour TUR project would eliminate a particular hazardous
waste which you now send to the landfill. Your conversations with environmental personnel
reveal that (among other things) this would eliminate two hazardous waste shipments per
month, and that each shipment requires two manifest reports which take an environmental
engineer 1.5 bours each to complete -- hours which could otherwise be productively used.
Suppose further that the wages and benefits of the environmental engineer total $30/hour. The
indirect labor cost differeanal for manifest reports would then equal $2,160 per year ($30 per
hour x 1.5 bours per manifest x 48 manifests per year)

You mav also have quannifiable cost differentials anising from changes in byproduct sales
revenues, deprectanion allowances or production rates. If the TUR project in question would
create or elumnate saleable byproducts, then the change in byproduct revenues must be
counted as adifferennal cost [fthe project calls fornew equipment with a higher depreciation
rate than old equpment, then you may wish to count the consequent tax savings as a
differennial cost  Funallv. 1if vouwr TUR proposal would alter production rates, then you will
have to perform some rather delicate calculations to determine its net effect on your business
— as it mught affect both your operating costs and your ongoing product sales revenues.

It is not easy to quantfy those costs which traditonally fall within the categories of
intangible costs or liabity In most cases, these costs will be weighed 1n the qualitative
portion of the financial assessment. There have, however, been some efforts to put numbers
to these costs. For nstance, a 1988 study conducted for General Electric by ICF Technology,
Inc. estumated the average liability cost of landfilled hazardous waste at S354 per ton. For
landfills that bave a lustory of leaks or are located near urban areas, wells, or groundwater,
liability exposure was estimated to be higher by as much as 50%.

The estmmation of potential liability has not become a widespread practice in part because
the numbers tend to be unreliable. and in part because companies have feared that they would
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CHAPTER 4: IDENTIFYING TUR OPTIONS...

In most companies which have yet
to pay much attenoon to their
tOXICS Use patterns, dramagc
reductons — sometmes as high as
50 percent - can be achieved
simply by improwing operatons
and maintemance.

companies which have yet to pay much attention to their toxics use patterns, dramatic
reductions — sometimes as high as 50 percent — can be achieved simply by improving
operations and maintenance practices. This can mean bottom-line savings without major up-
front costs. .

At this stage in your group brainstorming, the operative question is: How might we reduce
the needless waste of the toxic substances we store, transport, handle and use?

Improved operations and maintenance is a low-tech method for reducing toxics use. It
requires relatively little technical research, and does not tend to have a great number of side
effects.

All of this does not imply that it is easy to improve operations and maintenance practices.
Work habits can acquire a great deal of inertia. As a result, successful changes require
concerted and sustained commitment from workers and managers alike.

Like process modemization, improved operations and maintenance is a broad category,
encompassing several sorts of TUR changes. First, improved operations and maintenance
can mean tighter controls of chemical inventories. Second, it can include improvements in
materials handling practices — both during the production process itself, and during the
loading, unloading and storage phases which precede and follow the process. Third, it can
mean changes n the equipment operations and maintenance practices.

The following figure gives examples of the various sorts of changes which can count as
improved operations and maintenance.
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

FIGURE 5C: SAMPLE DIFFERENTIAL COST LIST

(Probabie differential costs between the paper-clip manufacturing process in
Figure 3C and the same process after the introduction of aqueous-based cleaning)

DIFFERENTIAL DIRECT MATERIAL COSTS:

a2 Cleaner solution purchases (decrease)
b. Hydrochloric acid purchases (possible increase)

DIFFERENTIAL DIRECT LABOR COSTS:
a  Producnuon line employee wages and benefits (possible change)

DIFFERENTIAL INDIRECT MATERIAL COSTS:

Disposal (decrease)

Treatment (possible increase)

Environmental taxes (TURA may fee decrease)

Maintenance (possible increase)

Insurance (possible workers’ compensation decrease)

Office supplies (probable marginal decrease)

Process water (negligible increase due to make up cleaning solution)

DIFFERENTIAL INDIRECT LABOR COSTS:

a Environmental (Possible decrease in time spent on Forms S and R)

b. Quality assurance wmspectors (probable temporary increase)

¢. Trammg personne! (possible decrease in time spent on safety training)
DIFFERENTIAL INTANGIBLE COSTS:

a.  Worker sick days {possible decrease)
b. Commumty relanons (possible improvement)
¢. Corporate umage (possible improvement)

DIFFERENTIAL LIABILITY COSTS:
a  Liability for worker health suits (decreased exposure)

b. Superfund hability (decreased exposure)
c. Toxic Tort Liability (decreased exposure)
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CHAPTER 4: IDENTIFYING TUR OPTIONS...

Under Massachusetts law,
recycling only counts as TUR
if it is done in-process, by a
recycling unit which is
integral w the producuon unit
in which the toxic substance
is used.

team to consider bere is: Can any of our toxic byproducts be recycled and/or reused without
leaving the production process?

It is important to note that not all recycling counts as Toxics Use Reduction. Under
Massachusetts law, recycling only counts as TUR if it is done in-process, by a recycling unit
which is integral to the production unit in which the toxic substance is used.

The reason for this requirement is that off-site or out-of-process recycling requires
additional handling and transportation of toxics — either within a factory or between two
plants, via public hghways. This additional handling and transportation can pose a threat
to the safety and health of the public and/or workers. Thus, while recycling toxic substances
isusually better for the environment than simply discarding them, it is not the sort of optimum
solution which TUR encourages.

Some examples of TUR recycling are offered in the following figure.

FIGURE 4G: EXAMPLES OF TUR RECYCLING
AND REUSE

I. One newspaper printing operation found it profitable to recycle its

waste inks, adding black toner and ink to reconstitute them as usable
black ink. (This is TUR under the law if the recycling is integral to the
process.)

2. A number of metalworking companies have begun to recycle their

cutting oil by installing closed-loop collection sumps into which spent
oil can be skimmed of soils, treated with biocides, and returned to the
process.

3. A common recycling technique, applicable to a number of indus-
tries, is the installation of a hard-pipe solvent still which is capable of
restoring spent soivents by extracting oil sludge.

4. Many metal piaters have found that by increasing the concentration
of metal plating solutions in rinse tanks - perhaps by restricting water
flow - they can reuse rinsetank contents as make-up plating solution.
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES..,

¥ you are considering 2 TUR
change which will aiter che
production rates of your
equipment, then this change
should be considered when
caicuiaung coss and
benefits.

It should be noted that in smaller firms, the indirect labor costs might be harder to list, as
the same person might carry out several different tasks which are related to keeping the
production unit in operation. For instance, the supervisor might handle quality assurance and
environmental compliance. However these various labor costs should still be listed
separately, as a reduction in any of these tasks will free up time for other productive activiges,
and thus should be counted as a savings.

This list also omuts several potentially important cost considerations, including produc-
tivity and byproduct sales. If you are considering a TUR change which will alter the
production rates of your equipment, then this change should be considered when calculating
costs and benefits. Likewise, if the change under consideration would create or eliminate a
saleable byproduct, then this revenue shift should be figured into your financial calculations.

TURA NOTE: Under TURA, an acceptable Toxics Use Reduction Plan must
anaiyze the economic impact of toxics use in each production unit. All direct and
indirect matenial and labor costs must be considered, including (at least) the
following cost categones:

(1) Purchase or manufacturing costs;

(2) Storage, accumulanon, treatment, disposal and handling (of toxics materials

and byproducts);

(3) Costs associated with compliance with federal, state or local laws and reg-

ulanions (inciuding fees, taxes, treanment, disposal, reporting, labelling, etc.);

(4) Worker health and safety (including protective gear, lostemployee time, etc.);

(5) Insurance costs;

(6) Potential liability costs (need not be quantified);

(7) Lost community goodwill and sales revenue lost to non-toxic competitors

{need pot be quantified).

Using this data, compames are to quantify the total annual cost of each toxic used
in each production unit, and the total cost per unit of product. See Appendix | for
further detauls.

(b) Identifying Operating Costs Which May Change

Once you have generated a comprehensive list of the operating costs currently associated
with the process targeted for change, the next task is to identify those costs which might or
would be changed by the TUR proposal under consideration. In the language of financial
accounting, the task 1s to single out all of the differential costs.

This step 1s not easy to reduce to a foolproof formula. However, you should be able to
idennfy differential costs by combing through the comprehensive list of costs which you bave
just generated and applying your knowledge of your production processes and the TUR
alternarive. In the process, you should be able to identify a set of operating costs which will
definitely change and others which are relatively likely to change.
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CHaPTER 4: IDENTIFYING TUR OPTIONS...

Ask yourseif: Do we really
need to clean as much as we
do! Are there alternative
production processes which
do not require extensive pars
cleaning?’ Are there things
we currendy clean with
soivents which couid be
cieaned some other way!

Attleboro-based electroplater with 11 employees, was ordering metal parts from Southeast
Asia. The manufacturer covered these parts in grease to prevent tarnishing during shipping,
and Reliable removed the grease with solvents before using them. The firm eventually became
aware that when the cost of degreasing was added to the cost of the imported parts, they were
as expensive as comparable parts made by local manufacturers. Reliable switched to a local
supplier whose parts arrived clean of grease, thus cutting its solvents use in haif.

(b) Solvent Substitution

When cleaning operations cannot be eliminated altogether, the next best alternative -
particularly from a worker safety standpoint -- is solvent substitution. This technique is
applicable to a wide range of industrial cleaning and stripping operations spanning such
industnes as printmg. plastics, metals finishing and manufacturing, electronics, vehicle
manufactunng and aerospace.

Solvent substitution can help to rid your workplace of toxic vapor degreasers — the most
common of which are trichloroethylene, perchioroethylene, methylene chloride and 1,1,1-
trichloroethane. Many common vapor degreasing operations can be carried out with readily
available water-based cleaners.

These new aqueous cleaners typically contain rust-inhibitors and highly effective organic
surfactants which clean immersed metal parts without retaining contaminants in the cleaning
solution. Oils float to the top of the cleaning tank and can be skimmed off; soils sink to the
bottom and can be removed by filtration. In some cases, the result is an almost indefinitely
reusable cleaner.

There 1s no foolproof formula for choosing an appropriate solvent substitute; the choice
will depend upon the matenal you are cleaning, the nature of the contaminants, and the
technical demands of vour production process. OTA can provide information about aqueous-
based cleaners, including case studies of successful applications and lists of suppliers. Call
OTA at (617) 727-3260 for more mformation.

(c) Solvent Minimization

As long as vour plant continues to use any solvents atall, you should pursue low-tech changes
in your work practices which can help to minimize your use of these solvents.

You might begin by examuning your solvent tanks to make sure that they are designed to
minimize solvent use For instance, each tank should be firted with a cover which should be
kept in place when the tank 15 pot in use. This alone can cut evaporation by as much as 50%.
You can also cut evaporation bv using a deep, parTow tank with a small solvent surface area
and a hugh freeboard (area above the vapor level). Another method is to add cooling coils
for increased vapor condensation.

By pulling parts from the tank more siowly, you can cut the amount of solvent “dragged
out” of the tank If vou have an automated cleaning tank, you may be able to reduce drag-
out further by adjusung 1t so that parts are held above the solvent bath and drained after they
are withdrawn. (If vour tank 1s operated manually, this same technique could pose a threat
to worker health.) And if vou spray solvents, you can cut evaporative losses by using a coarse
stream rather than a very fine spray.

You might also wish to ask yourself a number of questions about your cleaning practices.
For instance: Are there parts cleaned in vapor degreasing tank which could be cleaned with
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

Intangible costs - such as
worker sick days, community
reiations, corporate image
and empioyee morile — have
a real bottom-iine impact yet
do not lend themseives to
precise measurement.
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into two traditional accounting categories: direct costs and indirect costs. As the name
implies, direct costs are those which can be assigned directly to a particular product or
production unit. This category has traditionally included such costs as equipment purchase
and installation, production down-time, labor and raw material purchases.

Indirect (or “overhead™) costs are those which cannot be assigned directly to particular
products or production units. This category has traditionally included such costs as
maintenance, waste treamment and disposal, environmental reporting and permitting, ship-
ping and receiving, training, engineering, business planning, quality assurance, workers’
compensaton insurance, energy, water, and fuel.

You should also consider the effect of proposed changes on two other categories of costs:
intangible costs and liability costs.

Intangible costs are those which have areal bottom-line impact yet do not lend themselves
to precise measurement. For instance, since employeesrespond favorably to clean, safe work
environments, vour TUR changes should help to improve employee morale. Better employee
morale is an wtangible benefit, as it usually helps to boost productivity and profits -- though
it is virtually umpossible to quantify this bottom-line effect. Other examples of intangible
TUR benefits include reduced worker sick days, improved community relations and
improved corporate mage.

Liability, on the other hand. is not an actual cost but a potential one. It is the cost faced
by those compantes which are found liable for damaging the environment, or for harming
public or worker health. due to accidental releases of toxic substances. Under federal
Superfund legislation, companies can also be held liable for clean-up costs of disposal sites
they have used.

Because 1t represents a financial risk and not a concrete cost, liability is difficult to
quantfv. However, smce it s a cost capable of bankrupting an otherwise bealthy business,
it cannot be ignored by an adequate financial analysis.

In order to draw up a comprehensive list of the costs associated with your current
production processes, you may wish to begin with the process flow diagram which you
prepared dunng the Process Characterization and Analysis phase of your work (see Chapter
3.3). This will help to orgamize your thought by permitting you to consider in turn the costs
associated with each disnnct stage of the production process.

The process flow diagram aiready contains a full list of the raw materials which are fed
into vour production process The purchase costs of these raw materials constitute your direct
materials costs, while the wages and benefits of the production line workers who run the
process are termed direct labor costs. Atmany firms, accountants will already have calculated
these costs for each product or production process.

Unfortunately, the other costs you are interested in - that is, indirect costs — are not usually
measured separately under waditional accounting practices. For instance, the labor costs
associated with environmental recordkeeping, fines, permits, compliance monitoring and
reporting are usuallv counted as overhead, yet these costs are often reduced significantly by
successful TUR. The same mught be said for the costs of weatment, disposal, workers’
compensation insurance, worker safety training and protective equipment and water use.

A comprebensive list of the costs associated with a given production process should include
all of the matenals. labor and utilities which contribute in some way to keeping the process
running. The sample list provided in Figure 5B should help to get you started.
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CHarTER 4: IDENTIFYING TUR OPTIONS...

improving coolants manage-
ment can heip reduce liability
exposure and tool replace-
ment costs, cut coolant
purchase and disposal costs.
and elimimate ranaid coolant
odors.

set up a central station for recycling coolants by filtering and coalescing tramp oils. The
equipment cost $20,000 to install, and has resulted in annual savings of $8,000 in coolant
purchase costs, $10,000 m coolant disposal costs, and $8,800 in machinery down-time.

Improved coolants management can help a wide range of metal working companies to
reduce their liabiliry exposure and tool replacement costs, cut their coolant purchase and
disposal costs, and improve the workshop environment by eliminating rancid coolant odors.

On the other hand. poor coolant management can lead to a number of problems. For
instance, if coolants are not properly maintained, bacteria can breed in dead spots within the
machinery, where grit and sludge build up. Valuable production time and doliars can be lost
in replacing coolants. Poorly maintained coolants can increase tool breakage and decrease
product quaiity. In additnon, frequent disposal of spent coolants can often lead to violations
of effluent discharge lumats.

There are a number of proven techniques for improving coolants management, including:
(a) coolant substitution; (b) coolant recycling; and (¢) improved coolant maintenance. These
methods can often increase the life-span of coolants by two to threefold.

(a) Coolant Substitution

Due to recent advances in emulsion technology, straight petroleum oils can in many instances
be replaced with water-based coolants. These new coolants are made from emulsions
contamimg high-pressure addmtives and lubricity packages.

Initial purchase costs of these emulsions may seem higher, but once diluted to proper
working concentranons, these water-based coolants can be as much as 50% less expensive.
They can also usher o reductions in waste oil disposal costs and liability risks, while reducing
your use of solvents for cleamung hands and degreasing parts and machinery. In a situation
where large quantities of coolant are being replaced, this can amount to a significant savings.

Swatchung to an emulsion coolant can eliminate oil mist and smoke, improving operating
conditions across the shop floor. Many facilities have been abie to increase their speeds and
feeds after converting to water-based coolant. This is due primarily to the better heat-transfer
properties and lower viscosiry of the water-based coolants. Increased production rates spell
further savings in machine and labor time.

(b) Coolant Recycling

Coolant recvcling techmiques can swretch the life of coolants dramatically while helping to
extend tool Life, unprove product quality, decrease purchase and disposal costs and improve
working conditions for employees.

There are many technologies available for recycling coolants. One of the best techniques
is to reclaim coolants through a combinarnion of particle filtration and centrifugal separation.
Fiitration can be used to elunmate the larger metal chips created by grinding, milling and other
processes, whtie centrifugation can remove remaining metal fines as well as hard-to-extract
emulisified otls and some bactena.

The bestplace 10 tnstall metal chip screens is at the coolant entrances to work station sumps.
Largerend-of-pipe screens can be placed atthe central collection tank if coolant sumps cannot
be modified.

If your coolants are contaminated by floating tramp oils, these can be removed by using
a belt or disc skimmer Belt skimmers have the advantage of depositing waste oils directly
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

Make sure that each opton is
compatibie with your
producton rates and work
pracuoces. Also, investgate
any possible effects on defect
rates, product appearance
and product quality.

Technical Assessment

If an option requuires commercially available machinery, you may want to assign a team
member to look Into the track record of the equipment and its vendor. Where possible, it
usually pays to visit a site where the equipment is in use or to obtain the equipment for a trial
run. If this is impossibie, you may wish to contact users by phone to query them about their
expenience. It may also be wise to determine whether the vendor handles upkeep, provides
technical assistance, ensures the availability of spare parts, and/or offers an adequate
guarantee.

This is also the ame 1o rule out options which might have adverse side-effects on other
production machinery or processes. Make sure that each option is compatible with your
production rates and work practices. Also, investigate any possible effects on defect rates,
product appearance and product quality.

There are also a number of potential logistical problems which must be foreseen and
addressed. For mstance, be sure that you have or can install the appropriate utilities (electric,
process water, cooling water, coolant fluid, steam, fuel) for any new equipment, and that you
have enough space 1o bouse the equipment and store any required supplies. Similarly, if the
change requires in-house Laboratory testing or analysis, make sure that you have the facilities
to handle the task.

When comparing vanous options, you may also wish to take into account the amount of
production down-tume each would cause.

Managerial Assessment

It is cniucal to assess the fit of each option with your firm’s managerial goals. This sort
of consideranon can often be decisive in choosing and gaining approval for TUR changes.

If your firm has 1ssued a TUR Policy Statement or if your team has set TUR goals, you
should consider whether the proposed changes are consistent with the statement and/or goals.
You may also wish to assess proposed TUR changes for their compatibility with quality,
efficiency and safety goals. marketing plans, community relations concerns, and otherrelated
management ams and pnontes

Itis also important to weigh the compatibility of each proposed change with the work habits
and talents of emplovees Some TUR production changes will require technical consultants
or new personne! m order to be implemented successfully. Such personnel requirements
should be taken 1nto account when comparing TUR alternatives. Other changes in work
practices are difficult to sustain  If you are considering a change which requires significant
changes in production worker practices, you may want to consider an employee training and/
or incentive program to encourage worker cooperation in making the change permanent.

Often, TUR changes require sustained cooperation among different deparunents. If you
are considenng such a change, you should ask yourself whether the cooperation is possible,
and whether itmight be enhanced by opening new lines of communication among departments
or by creanng a new mter-deparmmental task force to monitor progress.

Finally, 1t 1s worth considering the effects that the change will have on environmental
paperwork and compliance. Usually, this effect will be purely beneficial. However, in some
cases 2 TUR change may require new environmental permits or give rise to new compliance
difficuities. This possibility should be explored before a decision is made.
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CHAPTER 4: IDENTIFYING TUR OpTI0NS...

By using less rinsewater,
dragged-out metais can be
concentrated in a smaller
volume of water, making it
much easier to recover memnls
or reuse menl plaung
solutuons.

3.METALS USE REDUCTION IN PLATING LINES

Howard H. Sweet & Son, Inc., an Attleboro jeweiry manufacturer with 125 employees,
responded to growing reguiatory pressures in 1985 by investing in a virtually closed-loop
metals recovery system which dramatically reduced its toxic byproducts. The system, which
recovered 263 troy ounces of gold and more than a ton of copper in the first year, paid for
itself in less than 12 months and henceforth saved the firm more than $100,000 per year.

Another Attleboro-based silver plating firm has employed a metals recovery system to
reciaim more than $100.000 per year of silver dragged out of its plating solution.

These firms are two of a growing number of jewelers, metal platers and printed
circuitboard manufacturers which have used TUR techniques to reduce the concentration of
heavy metals in therr wastewater while simultaneously saving on metals purchase, treatment
and disposal costs.

Metals minimizanoa techmques can be broken down into three general categories: (a)
water coaservanoq, (b plaung solution recovery; and (c) metals reclamation.

(a) Water Conservation

Since water is not toxic, water conservation does not itself count as toxics use reduction.
However, 10 manyv cases water conservation is the first step toward effective metals recovery.
By using less nnsewater, dragged-out metals can be concentrated in a smaller volume of
water, making it much easier to recover metals or reuse metal plating solutions.

There are 2 number of sunple wayvs to conserve on rinsewater. One of the easiest ways is
to mstall so-called “drag-out™ tanks (stll-water rinse tanks, as opposed to running rinse
tanks) tnmediatelv after the planng bath tank and before the running water rinse-tanks. This
insures that parts enter the nmaing nasewater cleaner, with fewer contaminants.

Rinsewater can also be conserved by placing flow-restrictors on running rinses, and by
using “counter-current nnsing” The idea behind counter-current rinsing is to connect
running water nnsetanks so that rmsewater flows through each of them in sequence - in the
opposite direction of production line work — before being discharged as wastewater. The

relatively ciean nnsewater from the final tank is thus reused in earlier rinsing stages.

Before anv anempt 15 made to recover metals from rinsewaters, all efforts should be made
to preven! pianing solutoo from “dragging out” into rinsewater to begin with. Some
common techmques for managing drag-out can be found below, in the section entitled “Life
Extension of Cbhemicals and Chemical Baths.”
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CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNATIVES...

You might find dhat some
opuons are so straightfor-
ward. inexpensive. effective
and easy to impiement that
no further assessment is
needed in order to approve
them.

5.1: Screening TUR Options

Before your team meets to begin assessing TUR alternatives, it may be wise to give each team
member a list of all opuons under consideration, together with a copy of Figure SA. This
should provoke thought about the feasibility of various TUR alternatives, helping to make
your first opuons assessment meeting as fruitful as possible.

Your team probably will not be able to complete the evaluation of all options and select
a course of acnon 1n one sitning. A thorough technical and financial evaluation of the most
promising options will usuallv require considerable research. The goal of your first options
evaluation meeting should be to screen out unacceptable options and narrow your list of
aiternarives to those which are most deserving of further attention.

As you narrow the list of candidate TUR changes, you should be able to determine what
data you wll need to complete vour assessment and choose a course of action. Appropriate
team members can be assigned to secure this information and report back to the group.

It is also a sound 1dea to keep a permanent record of the options which you consider, and
of your reasons for rejecting those which you do not implement. This may help you to avoid
reinventng the wheel m future vears, as your TUR program grows.

Options Pre-Screening

The first task s to go through vour list of alternatives one last time to make sure that each
falls under the rubnc of Toxics Use Reduction.

The kev question here is whether the change promises to reduce the use of toxics and/or
the generanon of byproducts af the source. Screen out any options which merely shift toxic
byproducts from one waste stream to another, or which treat or recycle byproducts after they
have already left the production unnt. These may be worth implementing — but they are not
TUR.

You might also find that some options are so straightforward, inexpensive, effective and
easy to implement that no further assessment is needed in order to approve them.

Technical Screening

The task here s to eliminate options which are not feasible from a technical point of view.
If you have process engineers on vour TUR staff, they should be able to belp you identify these
options.

Some options can be ruied out immediately because they simply cannot be achieved — even
given unlimited resources Other options can be ruled out because they call for equipment
which is not commerciallv available and cannot be developed in-house.

Financial Screening

The pownt of this screenung 1s to eliminate options which call for capital outlays far beyond
the means of vour firm. This step should not require detailed financial analyses — that will
be dope at a later stage. Provided that you have a rough idea of the costs and benefits of each
proposal, you should aiready be in a position to identify and rule out those which are much
too costly to ment further artention.
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CHaPTER 4: IDENTIFYING TUR OPTIONS...

It s a2 genenic TUR principie
that chemical bath life should
be extended wherever
possible through such
techniques as drag-in and
drag-out management,
improved bath maintenance
and bath regeneranon.

Ion exchange technology uses natural or synthetic resins which can recover high
percentages (90-95%.) of chromium, gold, silver, tin and zinc from spent rinsewaters. Ion
exchange units are qute durable, use little energy and work with relatively dilute rinsewaters.
If you wish to install an ion exchange unit, make sure that you choose the resin appropriate
for your application, and that you install a carbon filter before the ion exchange unit so that
it does not become fouled with organic contaminants.

discharged into the sewer.

'52600per\wmwmhﬂswhﬂenemng :
metal sales. Basedontbcsemma!ﬁgnx&e themves:m tw1 pa for'rtsaf
over a year.

4.LIFE EXTENSION OF CHEMICAL BATHS

IBM has extended the life of ammonsum persulifate etching bath by devising a protocol for
the addition of fresh etchants in order to maintain constant and precise pH levels. IBM has
also begun to regenerate spent acid etchants by bubbling ozone through them to reverse the
oxidation/reduction reaction whuch normally strips the etchant of oxygen. As aresult, toxic
etchant baths which were once discarded every 12 days have been in continuous reuse for
several vears, and have come to be known among IBM engineers as “immortal etchants.”
Tens of thousands of dollars have been saved in etchant purchase costs. And because parts
are no longer etched pooriy wn the period immediately before baths are discarded, IBM has
significantly reduced the number of parts which must be rejected, netting another 54.5 million
In savings.

The “immortal etchants™ case 1s one particularly dramatic example of a generic TUR
principle: where possible, extend the life of chemical baths. This can be done by a variety
of means. mcluding (a)drag-1n and drag-out management; (b) improved bath maintenance;
and (c) bath regeneranion.

(a) Drag-In and Drag-Out Management
“Drag-out” refers to chemical solutions dragged out of a bath together with the parts or

matenals treated in the bath. “Drag-in” refers to chemicals which enter a chemical bath with
the parts or matenals treated 1n it. Together, drag-out and drag-in can quickly deplete or
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Chapter 5: Evaluating and
Selecting TUR Alternatives

5.0: Evaluating and Selecting TUR Alterna-
tives -- An Overview

Y our team has now generated a comprehensive list of TUR alternatives for the substances and/
or processes under consideranon  The next step is to evaluate these options and select one
or more for unplementanon. _

Thus chapter presents an evaluation method which begins with a series of “screens” which
any option must survive in order 1o be considered truly feasible. The point of these screens
is 1o limit the number of full-fledged analyses which your team will have to do, as such
apalyses are ume-consuming However, it is important not to eliminate options too hastily..
In many cases, successful TUR requires a creative exploration of options which seem
mumpractical at first glance

Atany rate, once the field of alternatives has been narrowed, you can submit the remaining
TUR proposals to a more detailed scrutiny, examining their technical mernts and compatibility
with managenal goals and worker practices. Most TUR teams will also wish to submit
competing proposals to a detailed financial analysis in order to determine whether up-front
expenditures are economically justified. An adequate financial assessment may require,
among other things, a detarled evaluation of costs which many firms lump together under the
generic heading “overhead™ Part 3 of this chapter describes such an assessment technique.

As these evaluations are camed out, it will start to become clear whether the provisional
TUR goals which vour team has set (Chapter 2.3) are either overly ambitious or overly
modest. You may wish to firm up your goals as you see what kind of improvements are
feasible at vour plant

The evaluanon process recommended in this manual is outlined in Figure 5A. Each ofthe
steps 1s discussed 1n greater detail o subsequent parts of this chapter. Of course, the particular
series of screens and evaluanons outlined in this chapter might not be appropriate for every
company. Your team may wish to modify the process by adding or subtracting criteria to
reflect vour firm's environmental goals and business objectives. Youmay also wish to assess
your processes using the same cnteria that will be used by upper management to decide
whether the project should be funded.
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CHAPTER 4: IDENTIFYING TUR OPTIONS...

Many companies underesti-
mate the amount of toxic
substances which escape into
the factory environment
during storage and handling,
due to such factors as leaks.
accidental spills and evapora-
don from improperly stored
chemicals.

(c) Bath Regeneration

The life of many chemicals can be extended by adding reagents, stabilizers and other key
components when needed. Forinstance, fixing bathsused in the commercial printing industry
can be stretched by adding ammonium thiosulfate, which makes the bath effective at higher
silver-saturation levels.

Chemical baths can also be sustained through a variety of fiitration techniques. In-tank
filtration is particularly safe and effective, as it does not interrupt production processes, nor
does it give rise to the spill and leak potential associated with out-of-tank filtration. There
are a wide armay of relatively inexpensive ($400-$1400), commercially available in-tank
filters - some of which perform such additonal functions as bath treatment, agitation, surface
contaminant skimming and tank bottom vacuuming.

If you nsuall a filter, make certain to use the filter cartridge most appropriate for the
applicanon at hand. For instance. itis usually best to use the coarsest filter which can remove
the common contaminants m your bath, as these filters will last longer and permit greater flow
rates. If vouare filtenng out organic compounds, it may be best to opt for a carbon filter which
will minimrze organics buiid-up.

In many cases, filters should be run even when the bath is not in use, as impurities are often
dragged w more rapidly than filters can remove them.

In addmon to filtranoa. there are a variety of other means for removing impurities from
chemical baths. For wstance. commercial printers can reclaim and sometimes reuse their
fixing baths by using an electrolvuc recovery unit to remove silver from it.

Similarly. spent etchants can be regenerated and reused by a number of processes —
including eiectrolytic removal of waste metals. If you are discarding such etchants, you may
wish to look at the costs of make-up chemicals for the baths, pH balancing chemicals to stay
in comphiance with discharge imuts, and the value of metals which might be extracted from
your spent etchants and sold back to a metals reclaimer. These figures often underline the
economic wisdom of wvesting wn an etchant reclamation system.

5.GOOD HOUSEKEEPING

Many companmes underesumate the amount of toxic substances which escape into the factory
environment duning storage and handling. Slow leaks, accidental spills, and evaporation
from improperiy stored chemicais can add up to significant losses. These losses are not only
costly and wnefficient — they may also pose a threat to worker health and safety.

Often, sumple and dramancally effective TUR can be achieved by introducing sound
chemical housekeeping practices. Good housekeeping is a form of TUR which applies to all
toxics users — regardless of their size or line of business. It caninclude: (a) improved chemical
inventory management; (b umproved storage and handling practices; and (c) spill and leak
prevenuon. These goals can sometimes be promoted by employee training programs and by

introducnion of incentives for clean practices.
This 15 one of many areas in which worker cooperation can be critical to your TUR efforts

— and one more reason to wclude workers on your TUR team.
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CHAPTER 4: IDeNTIFYING TUR OpPTIONS...

FIGURE 4H: COMMON TUR TECHNIQUES

I. CLEANING ALTERNATIVES:
(2) Biminagon of Clearung Operatons: Clean fewer materials.
(b) Solvent Subsuruuon: Replace organic solvents with aquecus-based cleaners.

(c) Soivent Minimazawon: Cover mnks. Minimize solvent surface area. Use high
freeboard. Remove parts slowly and drain well. Consider two-stage cleaning process.

{d) Solvent Recovery: Use solvent disdllation or other method (decantation, filtraton,
evaporanon, centfugal purification). Consider vapor recovery.

2. COOLANT ALTERNATIVES:
(a) Coolant Subsawuon: Replace oil coolants with water-based coolants.
(b) Coolant Recyciing Consider cenurifugation, filtration, oil skimming and chip spinning.

(c) Coolant Mamntsnance: Conduct thorough machine cleaning and regular pumping of
sumps. Maintain coolant-wacer ranos. Consider ion exchange.

3. METALS USE REDUCTION IN PLATING LINES:
(a) Watar Comervanon: Use drag-out tank and counter-current rinsing.

(b) Paong Soluoon Recovery. Use direct drag-out return. Consider cold vaporization.
Aim for cicsed-loop plaung.

(c) Menis Rechmavon Consider electrolytic recovery and/or ion exchange.
4. LIFE EXTENSION OF CHEMICAL BATHS:

(3) Drag-in and Drag-Out Management Achieve lower surface tension. Reduce viscos-
ity. insall drag-out onk. dnp boards, baffles, etc. Remove parts slowly and drain weil.

(b) improved Bath Muntenancas Monitor solution purity, pH, temperature and other
parameters Consider mechamcal agitaton.

(c) Bath Regenerszoon: Use reagenss, smbilizers and other additves. Consider filtration,
eiecrolysis and/or other bath regeneration techniques.

5. GOOD HOUSEKEEPING:

(a) Chemical inventory Management Buy chemicals as needed. Use in order received.

(b) improved Storige and Handling: Minimize traffic and mainain proper storage
condinons. Tran workers in materiais transfer.

(c) Spil and Leak Prevenuon: Replace leaking equipment throughout piant. Train
workers and offer incenuves for spill minimizadon.
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